Role of Flexible Laryngoscopy Using Modified Killian’s Method in the Evaluation of Hypopharyngeal and Laryngeal Cancers by Priyanka, Schilling Amar
ROLE OF FLEXIBLE LARYNGOSCOPY USING MODIFIED 
KILLIAN’S METHOD IN THE EVALUATION OF   
HYPOPHARYNGEAL   AND LARYNGEAL CANCERS 
          
 
 
                 
 
                      
 
A dissertation submitted in partial fulfillment of the rule and regulations for MS Branch – 
IV (Otorhinolaryngology) Examination of the Tamil Nadu Dr. MGR Medical University, 
to be held in May 2019. 
 ROLE OF FLEXIBLE LARYNGOSCOPY USING MODIFIED    
KILLIAN’S METHOD IN THE EVALUATION OF   
HYPOPHARYNGEAL   AND LARYNGEAL CANCERS 
                            
 
 
 
                              
 
                           
 
A dissertation submitted in partial fulfillment of the rule and regulations for MS Branch – 
IV (Otorhinolaryngology) Examination of the Tamil Nadu Dr. MGR Medical University, 
to be held in May 2019. 
        
                   
                DEPARTMENT OFOTORHINOLARYNGOLOGY  
                               
                            CHRISTIAN MEDICAL COLLEGE  
                                                
                                               VELLORE  
                                            
                                           CERTIFICATE 
 
This is to certify that the dissertation entitled ‘ROLE OF FLEXIBLE 
LARYNGOSCOPY USING MODIFIED KILLIAN’S METHOD IN THE 
EVALUATION OF   HYPOPHARYNGEAL AND LARYNGEAL CANCERS’ is a 
bonafide original work of Dr Priyanka Schilling Amar, submitted in partial fulfillment 
of the rules and regulations for the MS Branch IV, Otorhinolaryngology examination of 
The Tamil Nadu Dr. M.G.R Medical University to be held in May 2019. 
  
 
                                                                           Dr. Rajiv Michael MS DLO DOHNS(RCS-ENG) 
                                                                       Professor & Guide  
                                                    Department of Otorhinolaryngology  
                                                    Christian Medical College,  
                                                    Vellore – 632004 
  
                 DEPARTMENT OF OTORHINOLARYNGOLOGY  
                             
                                CHRISTIAN MEDICAL COLLEGE  
 
                                                    VELLORE  
                                               
                                                 CERTIFICATE  
 
 
This is to certify that the dissertation entitled ‘ROLE OF FLEXIBLE 
LARYNGOSCOPY USING MODIFIED KILLIAN’S METHOD IN THE 
EVALUATION OF   HYPOPHARYNGEAL AND LARYNGEAL CANCERS’ is a 
bonafide original work of Dr Priyanka Schilling Amar, submitted in partial fulfillment 
of the rules and regulations for the MS Branch IV, Otorhinolaryngology examination of 
The Tamil Nadu Dr. M.G.R Medical University to be held in May 2019. 
 
 
  
 
Dr. Anna B. Pulimood                                    Dr. Rita Ruby Anbuselvi Albert  
 
Principal                                                             Professor and Head  
 
Christian Medical College                                Department of Otorhinolaryngology  
 
Vellore – 632002                                               Christian Medical College  
 
Tamil Nadu, India                                              Vellore – 632004 
                 DEPARTMENT OF OTORHINOLARYNGOLOGY  
 
                         CHRISTIAN MEDICAL COLLEGE VELLORE  
 
                                           DECLARATION  
 
I, Priyanka Schilling Amar, do hereby declare that the dissertation titled “ROLE OF 
FLEXIBLE LARYNGOSCOPY USING MODIFIED KILLIAN’S METHOD IN 
THE EVALUATION OF   HYPOPHARYNGEAL AND LARYNGEAL CANCERS” 
submitted towards partial fulfilment of the requirements of the Tamil Nadu Dr. M.G.R. 
Medical University for the MS Branch IV, Otorhinolaryngology examination to be 
conducted in May 2019, is the bona fide work done by me, and due acknowledgements 
have been made in text to all materials.  
 
 
                                                                                       Priyanka Schilling Amar                                                                                            
                                                                                       PG Registrar, MS ENT  
                                                                                       Registration number 221614354  
                                                                                       Dept of Otorhinolaryngology  
                                                                                       Christian Medical College,  
                                                                                        Vellore – 632004 
 
            
                  
                                ANTIPLAGIARISM CERTIFICATE 
 
This is to certify that this dissertation work titled “ROLE OF FLEXIBLE 
LARYNGOSCOPY USING MODIFIED KILLIAN’S METHOD IN THE EVALUATION 
OF   HYPOPHARYNGEAL AND LARYNGEAL CANCERS” 
of the candidate Priyanka Schilling Amar with registration Number 221614354 
for the award of MS degree in the branch of MS Branch IV, Otorhinolaryngology. 
I personally verified the urkund.com website for the 
purpose of plagiarism Check. I found that the uploaded thesis file 
contains from introduction to conclusion pages and result shows 4% 
percentage of plagiarism in the dissertation. 
 
 
 
                                                                                       Guide & Supervisor sign with Seal. 
                            
                                          
                          ACKNOWLEDGEMENTS  
I take this opportunity to thank God almighty for giving me this opportunity, for being with 
me through each step and helping me to complete this study.  
I wish to express my heartfelt thanks to my guide Dr Rajiv Michael, Professor, Department 
of Otorhinolaryngology, Speech and Hearing, Christian Medical College and Hospital, 
Vellore for his hard work, sincere support, guidance and continuous encouragement in 
conducting this study and preparing this dissertation.    
I am grateful to Dr Rita Ruby Anbuselvi Albert, Professor and Head of the Department of 
Otorhinolaryngology, Speech and Hearing, Christian Medical College and Hospital, 
Vellore for giving me a chance to conduct my study and for her support throughout the 
study.                                         
I would like to thank Dr. Kamran Syed Asif, Assistant Professor of the Department of 
Otorhinolaryngology, Speech and Hearing, Christian Medical College and Hospital, 
Vellore for his persistent contribution towards the study. I am grateful to my co-
investigators and my co-guides from the Department of Otorhinolaryngology for their 
expert advice and guidance. I am thankful to our PG coordinators, Dr. Lalee Varghese and 
Dr. Roshna Rose Paul for conducting interim thesis update presentations and for 
encouraging me to complete the project on time. 
 I am extremely grateful and thankful to all my friends and colleagues from the 
Department of Otorhinolaryngology for helping me in collecting the samples and for their 
help in completing the study. I wish to thank Mrs. Gowri from the Department of 
Biostatistics for careful analysis of data and prompt reporting.  
I express my gratitude to Mr. Madan Department of Clinical Epidemiology for help in 
preparing the manuscript and for computer assistance.       
I would like to thank the Fluid Research Committee, CMC Hospital for granting me 
permission for conducting this study.  
Finally, a special thanks to my husband and my family for always being there and 
supporting me throughout the work on this study. 
 
 
 
                                             
 
 
 
 
 
 
                                                
 
 
                                         ABSTRACT 
ROLE OF FLEXIBLE LARYNGOSCOPY USING MODIFIED KILLIAN’S 
METHOD IN THE EVALUATION OF   HYPOPHARYNGEAL   AND 
LARYNGEAL CANCERS 
INTRODUCTION:  
Flexible laryngoscopy is an important outpatient diagnostic procedure in the evaluation 
of hypopharyngeal and laryngeal cancers especially for their staging and mapping of their 
mucosal extent. The Modified Killian’s technique is one of the described adjunct 
techniques used during flexible laryngoscopy to improve its accuracy and increase 
visualization.  
OBJECTIVES: 
1. To improve the visualization of the hypopharynx and increase the accuracy of flexible                   
laryngoscopy by modified Killian’s method.  
2.  To compare the staging and extent of laryngeal and hypopharyngeal cancers between Flexible 
laryngoscopy using modified Killian’s method and routine flexible laryngoscopy. 
Secondary objective: 
To compare Modified Killian’s Method with Direct Laryngoscopy in evaluation of 
hypopharyngeal cancers. 
 
METHODS: 
A total of 50 consecutive patients with suspected hypopharyngeal and laryngeal 
malignancy who presented to the ENT outpatient department underwent flexible 
laryngoscopy by the conventional method and Modified Killian’s method. The site and 
extent of tumour was graded using Murono’s scale from 1 to 5. A subset of these patients 
who underwent direct laryngoscopy under general anaesthesia were also scored with the 
above scale. The scores were compared to check the accuracy of flexible laryngoscopy 
with the modified Killian’s method in staging the cancer. 
 
RESULTS: 
 In the study, it was found that the Modified Killian’s method technique during flexible 
laryngoscopy showed highly significant improvement in the Murono score of grading of 
the extent of hypopharyngeal and laryngeal tumours as compared to the normal method 
of laryngoscopy. In addition, the subset analysis demonstrated a significant agreement 
between direct laryngoscopy and Modified Killian’s method. 
CONCLUSION: 
 The Modified Killian’s method is therefore, a good diagnostic tests and a valuable 
adjunct to diagnostic flexible laryngoscopy in the office evaluation and staging of 
hypopharyngeal and laryngeal cancers. It increases the accuracy of flexible laryngoscopy 
in the visualization of the hidden areas of larynx and hypopharynx and aids in the early 
diagnosis of patients with suspected malignancy. Hence, we suggest that Modified 
Killian’s method should be a part of the routine endoscopic evaluation of suspected 
laryngeal and hypopharyngeal cancers in the outpatient department. 
KEYWORDS: Hypopharyngeal and laryngeal cancers, diagnostic flexible laryngoscopy, 
Modified Killian’s method, Murono’s scale, direct laryngoscopy. 
 
                                            
CONTENTS 
INTRODUCTION ............................................................................................................... 1 
AIMS ................................................................................................................................... 2 
OBJECTIVES ...................................................................................................................... 2 
REVIEW OF LITERATURE .............................................................................................. 3 
ANATOMY OF LARYNX AND HYPOPHARYNX ........................................................ 4 
ANATOMY OF LARYNX ................................................................................................. 7 
HISTOLOGY OF LARYNX ............................................................................................ 14 
ETIOLOGY OF LARYNGEAL AND HYPOPHARYNGEAL CANCERS ................... 18 
PATHOLOGY OF SQUAMOUS CELL CARCINOMA ................................................. 29 
CLINICAL PRESENTATION OF HYPOPHARYNGEAL CANCERS ......................... 32 
PROGNOSIS AND PROGNOSTIC FACTORS .............................................................. 39 
HISTORY OF LARYNGOSCOPY .................................................................................. 40 
FLEXIBLE LARYNGOSCOPY ....................................................................................... 43 
VARIOUS TECHNIQUES FOR DETAILED VISUALISATION OF LARYNX AND 
HYPOPHARYNX ............................................................................................................. 46 
PREVIOUS STUDIES DONE TO VISUALISE HYPOPHARYNGEAL AND 
LARYNGEAL LESIONS ................................................................................................. 51 
MATERIALS AND METHOD ........................................................................................ 54 
METHODOLOGY ............................................................................................................ 56 
RESULTS .......................................................................................................................... 63 
GRADING OF THE LESION ........................................................................................... 67 
PAIRED T – TEST ............................................................................................................ 69 
MURONO SCALE GRADING OF THE TUMOUR ....................................................... 72 
DIRECT LARYNGOSCOPY ........................................................................................... 78 
NUMBER OF SUBSITES VISUALISED ........................................................................ 82 
IMPROVEMENT IN THE NUMBER OF SUBSITES VISUALISED ........................... 86 
DISCUSSION .................................................................................................................... 89 
CONCLUSION ................................................................................................................. 95 
BIBLIOGRAPHY ............................................................................................................. 97 
ANNEXURE ................................................................................................................... 107 
PATIENT INFORMATION SHEET .............................................................................. 107 
INFORMED CONSENT FORM .................................................................................... 110 
PROFORMA ................................................................................................................... 112 
DATA SHEET ................................................................................................................. 115 
IRB AND ETHICS COMMITTEE APPROVAL ........................................................... 135 
 
 
  
TABLE OF FIGURES 
Figure 1: Development of larynx ........................................................................................ 6 
Figure 2: Embryology of larynx and trachea-bronchial system .......................................... 6 
Figure 3: Anatomy of laryngeal framework ...................................................................... 12 
Figure 4: Histology of the Vocal Folds demonstrating various layers .............................. 15 
Figure 5: Anatomy of the hypopharynx ............................................................................ 17 
Figure 7: Fibreoptic laryngoscopic view of carcinoma of supraglottis ............................. 38 
Figure 8: Manuel Garcia using his laryngoscope to view glottis with sunlight as external 
source of light .......................................................................................................... 40 
Figure 11: Flexible laryngoscopy using Modified Killian’s Method in the outpatient 
department. .............................................................................................................. 49 
Figure 12: Flow chart showing the methodology of the study .......................................... 56 
Figure 13: Formula for sample size calculation ................................................................ 60 
Figure 14: Age Distribution among the study population ................................................. 63 
Figure 15: Sex distribution in the study population .......................................................... 64 
Figure 16: Type of malignancy among the study population ............................................ 65 
Figure 17: Hypopharyngeal subsites involved among study population .......................... 66 
Figure18: Comparing Murono scores of all three methods ............................................... 67 
Figure 20: Comparison of Murono Scores between normal and Modified Killian’s 
method of laryngoscopy of Co-Investigator 1 ......................................................... 73 
Figure 21: Murono scores in Modified Killian’s Method of Co-Investigator 1 ................ 74 
Figure 22: Comparison of Murono Scores between normal and MK method of Co-
Investigator 2 ........................................................................................................... 75 
Figure 23: Murono scores in MK Method of Co-Investigator 2 ....................................... 76 
Figure 24: Comparison between Murono scores of Modified Killian’s method done by 
Co-Investigator 1 and Co-Investigator 2 ................................................................. 77 
Figure 25: Subset of patients who underwent direct laryngoscopy ................................... 78 
Figure 26: Comparison between Murono scores of Normal methods by Co-Investigators 
1 and 2 with Direct Laryngoscopy .......................................................................... 79 
Figure 27: Comparison between Murono scores of MK method by both Co-Investigators 
1 and 2 with Direct Laryngoscopy .......................................................................... 80 
Figure 28: Comparison of improvement in visualized sites between both methods of Co-
Investigator 1 ........................................................................................................... 86 
Figure 29: Comparison of improvement in the sites visualized between both methods of 
Co-Investigator 2 ..................................................................................................... 88 
 
 
 
 
 
 
 
 
LIST OF TABLES  
Table 1: Various studies done using different techniques to visualise hypopharynx ....... 52 
Table 2: Kappa Value Interpretation table ........................................................................ 62 
Table 3: Paired T-test between normal and MK method .................................................. 69 
Table 4: Paired T-test between normal method and direct laryngoscopy ......................... 70 
Table 5: Paired T-test between MK method and Direct laryngoscopy ............................. 71 
Table 6: Intra-Observer agreement between both methods of Co-investigator 1 ............. 82 
Table 7: Intra-observer agreement between both methods by Co-investigator 2 ............. 83 
Table 8: Inter-Observer agreement between MK method of both Co-investigators ......... 85 
 
 
 
 
 
 
 
 
 
     
 
1 
 
INTRODUCTION 
The hypopharynx, also known as the laryngopharynx, is located behind the larynx and 
leads into the oesophagus. It is involved in physical functions such as swallowing, 
breathing and speaking. Hypopharyngeal cancer is one of the upper aerodigestive tract 
cancers with the poorest prognosis. The predominant histological variant is squamous cell 
carcinoma, which has an invasive growth pattern and often invades adjacent structures. 
Lymphatic metastases are especially common, and most patients are in an advanced stage 
at diagnosis.(1) It is well known that multiple squamous cell carcinomas frequently arise 
in the upper aerodigestive tract synchronously or metachronously. (1) Thus, the value of 
performing endoscopic screening for patients with SCC of the head and neck, who are at 
risk for additional malignancies in the upper aero digestive tract, has been emphasized to 
detect second malignancies at an earlier stage.(1) However, the view of the hypopharynx 
is limited due to closure of the space. Although marked innovations in endoscopic 
technology, including a narrow band imaging (NBI) system, have enabled the detection of 
superficial hypopharyngeal cancers,(2) it is useless without a wide view of the area. In 
addition, the key to successful transoral surgery and larynx preserving partial 
hypopharyngectomy, whose rates have increased due to the development of functional 
surgical techniques (3) is the accurate determination of the primary tumor site and its 
extent.                                     
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                                               AIMS 
1. To expose the wider area of hypopharyngeal space and increase the accuracy of flexible      
laryngoscopy.         
2.  Early endoscopic detection and staging of the laryngeal and hypopharyngeal cancers.                                
                                      OBJECTIVES 
To improve visualization of the hypopharynx and increase the accuracy of flexible 
laryngoscopy by modified Killian’s method. To compare staging and extent of the 
laryngeal and hypopharyngeal cancers between flexible laryngoscopy using modified 
Killian method and routine method.            
SECONDARY OBJECTIVE 
To compare Modified Killian’s Method with Direct Laryngoscopy in evaluation of 
hypopharyngeal cancers.                                
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                                        REVIEW OF LITERATURE 
Hypopharyngeal cancer is one of the upper aerodigestive tract cancers with the poorest 
prognosis. The predominant histological variant is squamous cell carcinoma, which has an 
invasive growth pattern and often invades adjacent structures. Lymphatic metastases are 
especially common, and most patients are in an advanced stage at diagnosis. Currently, 
hypopharyngeal cancer is treated mostly with combined surgery and radiotherapy, with the 
choice of treatment regimen dependent upon the extent and metastasis of the primary 
tumour. Therefore, it is important to identify the primary tumour site and any involvement 
of the laryngopharynx, esophageal entrance and/or cervical esophagus, prior to surgery. (3) 
Laryngoscopy plays an important role in visualizing the primary tumour site and the extent 
of mucosal surface invasion, within the hypopharynx; it also allows direct specimen 
collection for biopsy. The key to evaluating the extent of hypopharyngeal cancer is to 
display fully all the anatomical parts of the hypopharyngeal cavity and esophageal 
entrance. Only in this way can the tumor’s   origin and extent be accurately determined. (3) 
A study done by X-G Ni et al investigated a triple maneuver technique for displaying the 
hypopharynx and oesophageal entrance during flexible laryngoscopy, and compared the 
extent of hypopharyngeal cancer visualisation before and after the deployment of this 
strategy. This study aimed to increase the accuracy of laryngoscopy in judging the extent 
of hypopharyngeal cancer, and to enhance the ability of laryngoscopy to display superficial 
cancer (3). Very few studies had been done in this regard till today and further research is 
needed in diagnostic laryngoscopy techniques to evaluate hypopharyngeal cancers. 
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ANATOMY OF LARYNX AND HYPOPHARYNX  
 
EMBRYOLOGY OF LARYNX AND HYPOPHARYNX: 
 
The development of the larynx starts during the fourth week of embryonic development. 
The tracheobronchial diverticulum appears just below the hypobranchial eminence in the 
ventral wall of the primitive pharynx. An esophago-tracheal septum is formed from the 
edges of the groove which fuses caudally, leaving a slit-like aperture cranially into the 
pharynx which is lined with endoderm from which the epithelial lining of the entire 
respiratory tract develops. The larynx and trachea are formed by cranial part of the tube 
and the caudal end forms the bronchi and lungs. The larynx is further developed and 
subdivided into the supraglottis, the glottis and the subglottis. The buccopharyngeal 
primordium gives rise to the supraglottic larynx which develops from the third and fourth 
branchial arches. The glottis and subglottis are derived from the tracheobronchial 
primordium from the sixth branchial arch and are formed by the union of lateral furrows 
that develop on each side of the tracheobronchial primordium. On both sides of the 
tracheobronchial diverticulum, the arytenoid swellings develop. Aryepiglottic folds are 
formed from the arytenoid swellings. The hypobranchial eminence becomes the epiglottis. 
The glottis forms just above the level of the primitive aperture. The thyroid cartilage 
develops from the cartilages of the fourth    pharyngeal arch and the cricoid cartilage and 
the cartilages of the trachea develop from the sixth arch during the sixth week with the 
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trachea increasing rapidly in length from the fifth week onwards. The mesoderm of each 
pharyngeal arch differentiates into cartilage, muscle and vascular structures of that arch. 
The supraglottis is supplied by the superior laryngeal arteries, and its lymphatics drain into 
deep cervical chain nodes at levels II and III. The glottis and subglottis are supplied by the 
inferior laryngeal arteries, and similarly, lymphatic drainage from these two regions 
follows these arteries to drain into prelaryngeal and pretracheal nodes (Level VI), before 
reaching the deep cervical chain nodes in level IV. There is an increased chance of bilateral 
lymphatic metastases from supraglottic  carcinoma because the supraglottis is formed 
without a midline union and its lymphatics drain bilaterally(4).
(Adopted from Langman Medical Embryology) Laryngeal orifice and surrounding 
swellings at successive stages of development. A. 6 weeks. B. 12 week. (5) 
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Figure 1: Development of larynx 
 
 Figure 2: Embryology of larynx and trachea-bronchial system (4)
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                                 ANATOMY OF LARYNX 
 
The larynx extends from the laryngeal inlet to the lower border of cricoid cartilage which 
is further subdivided into three parts-supraglottis, glottis and subglottis. The supraglottis 
mainly includes the laryngeal inlet, or aditus (the aperture between the larynx and the 
pharynx), the laryngeal ventricle (the space between the false and true vocal folds), the 
false vocal folds, the laryngeal surface of the epiglottis, the arytenoid cartilages and the 
laryngeal   aspects of the aryepiglottic folds. The vestibular or false vocal folds are 
composed of the thickened lower border of the quadrangular membrane, covered by 
respiratory mucosa. The ventricle presents a fusiform, cranial recess which is called the 
‘saccule.’ It is a pouch which ascends forwards from the ventricle, between the vestibular 
fold and the thyroid cartilage, and occasionally reaches the upper border of the cartilage.(5) 
The glottis includes the paired true vocal cords, the anterior and the posterior commissure, 
and the rima glottidis between them. The rima glottidis is the fissure between the vocal 
cords anteriorly and the arytenoid cartilages posteriorly. The shape is roughly triangular 
during quiet breathing, widens to a pentagon with deep inspiration, and narrows to a slit 
during phonation and a Valsalva maneuver. The glottis is bounded behind by the mucosa 
passing between the arytenoid cartilages at the level of the vocal cords. The rima glottidis 
is customarily divided into two regions: an anterior intermembranous part, which makes 
up about three fifths of its anteroposterior length and is formed by the underlying vocal 
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ligament, and a posterior intercartilaginous part, which is formed by the vocal processes of 
the arytenoid cartilages. The average sagittal diameter of the glottis in the newborn is 0.7 
cm, in the adult male is 23 mm and in the adult female is 17 mm. It is the narrowest part of 
the larynx and of the whole upper airway. The free thickened upper edge of the cricovocal 
membrane forms the vocal ligaments. The vocal ligaments stretch back on either side from 
the mid-level of the thyroid angle to the vocal processes of the arytenoid cartilages. When 
it is covered by mucosa, it is termed the ‘vocal cord’, the site at which it meets anteriorly 
is known as the anterior commissure.  Fibres of the vocal ligament pass here through the 
thyroid cartilage to blend with the overlying perichondrium, forming Broyles’s ligament. 
Each vocal ligament is composed of a band of yellow elastic tissue related laterally to 
vocalis muscle. The subglottis extends from 1 cm below the free edge of the vocal cords to 
the lower border of the cricoid cartilage and is  lined by respiratory mucosa, supported by 
the cricothyroid ligament above and the cricoid cartilage below(5). 
                                       
 
                                      FRAMEWORK OF LARYNX 
 
The skeletal framework of larynx is formed by a series of cartilages interconnected by 
ligaments and fibrous membranes, and moved by a number of muscles. The cartilaginous 
structure is formed by the epiglottis, thyroid cartilage, cricoid cartilage and arytenoid 
cartilages. The thyroid cartilage, cricoid cartilage and epiglottis are single cartilages, 
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whereas the arytenoid cartilages are paired. The larynx is slung from the U-shaped hyoid 
bone by the thyrohyoid membrane (and ligaments) and thyrohyoid muscles. The hyoid 
bone is a U-shaped bone, which open backwards and attached to the mandible and tongue 
by the suprahyoid muscles, and to the pharynx by the middle constrictor. Three of the four 
strap muscles of the neck, the omohyoid, the sternohyoid and the thyrohyoid, find 
attachment to it, except the sternothyroid which fails to gain it. A leaf-shaped fibroelastic 
cartilage which is the epiglottis lies behind the root of the tongue attached anteriorly to the 
body of the hyoid by the hyoepiglottic ligament and below to the thyroid cartilage by the 
thyroepiglottic ligament. The sides are attached to the arytenoid cartilage by the 
aryepiglottic folds (containing the aryepiglottic muscle) which run backwards to form the 
margins of the vestibule, or aditus of the larynx. The free upper anterior surface of the 
epiglottis projects above the hyoid bone and is covered by mucosa which is reflected onto 
the base of the tongue and the lateral pharyngeal walls as a median glossoepiglottic and 
two lateral glossoepiglottic folds. The depression on either side between these folds is the 
glossoepiglottic vallecula. The infrahyoid epiglottis is the posterior boundary of the pre- 
epiglottic space, a fat-filled visceral space of the larynx, comprising the hyoepiglottic 
ligament above, the thyrohyoid ligament and upper half of the thyroid cartilage anteriorly, 
and the epiglottis itself with its thyroepiglottic ligament posteroinferiorly. The pre-
epiglottic space is triangular in shape in the sagittal plane, whereas it has a U shape open 
backwards in the axial plane.  Postero-laterally, the pre-epiglottic space communicates with 
the lateral paraglottic space, a fat-filled laryngeal visceral space that, on each side, 
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comprises the thyroid ala and the vocal muscle at the glottic plane, and the quadrangular 
membrane at the level of the false vocal fold.  The thyroid cartilage which is the largest 
cartilage, consists of two quadrilateral laminae whose anterior borders fuse along their 
inferior two thirds at a median angle (of approximately 90° in adult males, and 120° in 
women and children), forming the subcutaneous laryngeal prominence (Adam’s apple). 
The lamina is attached posteriorly with the superior and inferior cornua. The superior 
cornua are attached to the greater horns of the hyoid bone by the thyrohyoid ligaments, 
present in the context of the thyrohyoid membrane whereas the inferior cornua with the 
cricoid cartilage (the cricothyroid joint). The cricoid cartilage is attached inferiorly by the 
cricotracheal membrane to the trachea, and articulates with the thyroid cartilage and the 
two arytenoid cartilages by synovial joints. The cricoid cartilage which is signet ring 
shaped is the only complete ring of cartilage throughout the respiratory tract. The posterior 
part of cricoid is covered by the posterior cricoarytenoid muscles and by the 
hypopharyngeal mucosa of the postcricoid area. The upper oesophageal sphincter is located 
at this level. The anterior portion of the cricoid cartilage, also called ‘cricoid arch’, is 
covered by the cricothyroid muscles. The laryngeal muscles are divided into intrinsic and 
extrinsic muscles. The intrinsic muscles include the cricothyroid, posterior and lateral 
cricoarytenoid, transverse and oblique interarytenoid, aryepiglottic, thyroarytenoid and its 
subsidiary part, vocalis, and thyroepiglottic muscles. The intrinsic laryngeal muscles may 
be placed in three groups according to their main actions: three major vocal fold adductors 
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(thyroarytenoid, lateral cricoarytenoid, and interarytenoid muscles), on abductor (posterior 
cricoarytenoid muscles), and one tensor (cricothyroid muscle).(5) 
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Figure 3: Anatomy of laryngeal framework (6)  (Source: Morton DA, Foreman KB : 
The Big Picture: Gross Anatomy) 
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The blood supply of the larynx is derived mainly from the superior and inferior laryngeal 
arteries which are branches from the superior thyroid artery and the inferior thyroid artery 
respectively. The supraglottis has a rich with partly multilayered capillary lymphatic 
network, converging on the anterior insertion of the aryepiglottic fold. The supraglottis 
drains to the upper deep cervical lymph nodes (levels IIA–III) and then to the mediastinal 
lymph nodes (level VI), some lymphatics passing via small nodes lying on the thyrohyoid 
membrane. At the level of subglottis, drainage is to the lower deep cervical nodes (levels 
III–IV), partially via nodes on the front of the larynx and trachea (level VI).  The vocal 
cords themselves act as a complete barrier separating the two lymphatic areas, even though 
posteriorly there is free communication between them. The nerve supply of the larynx is 
of great practical importance and comprises the superior and recurrent laryngeal nerves, 
branches of the vagus nerve (cranial nerve X)(1). 
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                        HISTOLOGY OF LARYNX 
 
The laryngeal epithelium is mainly a ciliated, pseudostratified respiratory epithelium where 
it covers the inner aspects of the larynx, including the posterior surface of the epiglottis. 
This epithelium provides good ciliary clearance as shared with most of the respiratory tract. 
However, the vocal cords are covered by non-keratinized, stratified squamous epithelium, 
an important variation which protects the tissue from the effects of mechanical forces 
which acts on the vocal cords during phonation, deglutition and coughing. Below the 
epithelial basal membrane, the superficial layer of the lamina propria (the so-called Reinke 
space) is loosely arranged with collagen and elastic fibres. The intermediate and deep 
layers of the lamina propria are denser and more compact, formed by highly concentrated 
and thicker collagen bundles which together constitute the vocal ligament. The vocal 
ligament and the underlying vocal muscle form the body of the vocal cord and the 
epithelium forms the cover. The exterior surfaces of the larynx which merge with the 
hypopharynx and oropharynx (including the anterior surface of the epiglottis) are covered 
by non-keratinized stratified squamous epithelium. The laryngeal mucosa has numerous 
mucous glands, especially over the epiglottis, where they pit the cartilage, and along the 
margins of the aryepiglottic folds anterior to the arytenoids cartilages, where they are 
known as the arytenoid glands. (5). 
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Figure 4: Histology of the Vocal Folds demonstrating various layers 
Vocal fold histologic section demonstrating structural layers. (7)         
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                                    ANATOMY OF HYPOPHARYNX 
The hypopharynx (or laryngopharynx) is the lowermost portion of the pharynx. It is part 
of the digestive tract, which has strict anatomical, functional and pathologic relationships 
with the larynx. The hypopharynx is a 5-cm-long cone-shaped tube which is wide 
superiorly and narrow in the postcricoid and cervical oesophagus area, extending from the 
tip of the epiglottis superiorly to the inferior edge of the cricoid cartilage. The hypopharynx 
is anteriorly limited by the marginal structures of the laryngeal inlet and the posterior 
surface of the larynx; superiorly it is continuous with the oropharynx. The hypopharynx is 
separated from the common carotid artery, the internal jugular vein and the vagus nerve by 
the inferior constrictor muscles laterally and the piriform sinus medially. The hypopharynx 
is separated from the prevertebral fascia and the bodies of the third to the sixth cervical 
vertebra by the superior constrictor muscles. The hypopharynx opens into the oesophagus 
at the level of the upper oesophageal sphincter inferiorly with three anatomical sites -the 
piriform sinuses on each side, the posterior pharyngeal wall and the postcricoid region. The 
hypopharynx is essentially a muscular tube (whose epithelial lining consists of non-
keratinized stratified squamous epithelium, whereas the lamina propria of mucosa contains 
scattered lymphoid aggregates and mucoserous glands). The hypopharynx receives arterial 
branches from the ascending pharyngeal artery (branch of the external carotid artery) and 
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the superior and inferior thyroid arteries. The venous drainage is accomplished by a number 
of small venous vessels forming a submucosal plexus and draining into the mid and distal 
portion of the internal jugular vein.(5)The hypopharynx has a quite rich mucosal and 
submucosal lymphatic capillary network, explaining the high propensity of tumours of this 
organ to precociously metastasize to adjacent lymph nodes via retropharyngeal lymph node 
which is known as Rouvier’s node and then to the deep middle and lower jugular lymph 
nodes (levels III–IV) or directly to the latter group. The piriform sinuses and postcricoid 
area also drain to the recurrent or paratracheal lymph nodes (level VI), thus gaining a 
connection to the lymphatic system of the thoracic cavity.(1)
 
Figure 5: Anatomy of the hypopharynx 
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ETIOLOGY OF LARYNGEAL AND HYPOPHARYNGEAL 
CANCERS 
The most common head and neck cancer is laryngeal carcinoma. It is well known that the 
development of laryngeal cancer is influenced by environmental and life style factors like 
tobacco use and alcohol consumption. 
            TOBACCO AND ALCOHOL 
 
The severity of smoking and drinking and the length of exposure is directly proportional 
to the risk of the disease. (8) The risk of cancer associated with combined exposure to 
tobacco and alcohol is more pronounced in the upper than in the lower part of the larynx, 
which can be explained by limited penetration of the respiratory tract with volatile 
components of beverages. (9) The cancer risk attributable to tobacco smoking is related to 
the quality of the tobacco, cigarettes and cigars used. Tobacco products with high tar and 
nicotine levels have been proven to cause a higher increase of larynx cancer risk for the 
smokers than do the products with lower tar and nicotine levels. The protection of the 
respiratory tract through the use of filter cigarettes is beneficial for tobacco smokers(10). 
‘Bulky’ aromatic DNA adducts result from exposure to polycyclic aromatic hydrocarbons, 
PAHs., nitro hydrocarbons and aromatic amines. All of the above compounds require 
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metabolic activation by cytochrome P450-dependent enzymes before they react with 
DNA.(11) But the most important factors are the amount of tobacco  consumed and the 
duration of exposure. Processed tobacco contains at least 30 known carcinogens. Tobacco 
smoke contains a high concentration of reactive oxygen species and more than 50 known 
carcinogens and procarcinogens.(5)                                                                   Increased 
consumption of alcohol and tobacco has a multiplicative effect in causing laryngeal 
cancers.(12,13)  Stable mutations can be caused by the DNA lesions induced by tobacco 
smoke carcinogens. Initiation of carcinogenesis is by oncogenes and tumor suppressor 
genes. At the same time, cells provide self-protection processes by carcinogen 
detoxication, DNA repair and apoptosis. There occurs competition between the cell 
protection processes and the mutation processes.(14) A metanalysis of 14 studies on effects 
of tobacco and alcohol in aerodigestive cancers by Zeka A et al, tobacco appeared to have 
a much stronger effect on the larynx than on any of the other aerodigestive sites. Alcohol's 
effect was strongest on the pharynx. The study confirmed the multiplicative effects of 
tobacco and alcohol(15). Significant dose-response   trends for tobacco use were observed 
for both supraglottic and glottic cancers, with a potentially more important effect for 
supraglottic cancer. 
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GASTROESOPHAGEAL REFLUX  
 
Tobacco and alcohol induce reflux by a number of physiologic mechanisms , and 
laryngopharyngeal reflux causes laryngeal mucosal damage(16). Since the mid-1980s, it 
has been proposed that recurrent irritation of laryngeal mucosa by gastric acid may be a 
cofactor, because of its frequent occurrence in groups of nonsmokers and nondrinkers with 
laryngeal carcinoma(17). The chronic irritation of the larynx arises by a number of different 
routes is supported by a study confirming both benign and malignant laryngeal changes in 
achlorhydric patients.  A series of 40 achlorhydric gastrectomized patients showed 15% to 
have premalignant or malignant laryngeal tumors, compared with 2.5% in a control group 
of dyspeptic patients. Alkaline bile reflux appears to be a possible additional causative 
factor after gastrectomy. Gastroesophageal reflux disease has a small but significant 
contribution to the development of laryngeal cancer; however, what is not understood is 
the mechanism of its action and whether active treatment of GORD within a population 
can reduce incidence. Bile reflux appears to be an additional causative factor in 
achlorhydrics.(18) In a retrospective study by  Morrison on laryngeal cancers, he  noted 
that 47% of lifelong non-smokers had GERD signs and symptoms.(19) 
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OCCUPATION 
 
Laryngeal cancer has a steep socioeconomic gradient, being particularly prevalent in 
unskilled manual workers, who have high alcohol and tobacco intake and are 
disproportionately exposed at work to dust and other agents(17).  In a study by Paget-
Bailley et al,99 publications relating to occupational exposure and laryngeal cancers were 
analysed Asbestos exposure, and others include exposure to  diesel combustion material, 
welding fumes, polycyclic aromatic hydrocarbons, silica, nickel, rubber manufacturing, 
etc. and tree dust, formaldehyde, cement dust are well known to make a small contribution 
(20). Increased incidence of laryngeal squamous cell carcinoma is seen in nickel and 
chromate refining workers(21). 
 
 
DIETARY FACTORS 
 
A number of different dietary components have been suggested as reducing the risk of 
laryngeal cancer. Whole grain foods may decrease the risk because of their antioxidant 
content(22).  Tomatoes similarly may have a protective effect because of their unique high 
content of lycopene (an antioxidant).(23) Lycopenes may also interact with vitamin C, 
phytosterols, and flavonoids present in a diet rich in fruit and vegetables. (21) It was noted 
that high consumption of plant foods produces an odds reduction in laryngeal cancer (0.42 
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CI, 0.21–0.84). The joint effect of heavy smoking and low intake of vegetables and fruits 
increased risk (odds ratio, 19.2; CI, 5.7–64.9). (24) High consumption of plant foods 
produces an odds reduction in laryngeal cancer (0.42 CI, 0.21–0.84). In addition ,the joint 
effect of heavy smoking and low intake of vegetables and fruits increased risk (odds ratio, 
19.2; CI, 5.7–64.9). (24) A dietary increase in vegetables and fruit, particularly tomato 
products, and a decrease in meat and egg consumption may confer an advantage in reducing 
laryngeal cancer incidence  in nonsmokers(17). The IARC multicenter study confirms that 
important causes of hypopharyngeal cancer are cigarette smoking and alcohol 
consumption. They were interested in the effect of diet and point out that a low intake of 
fruit is associated with an increased risk of these cancers. Studying a population of over 
3000, they found that a diet particularly rich in vitamins C and E and high in 
polyunsaturated fatty acids, as opposed to saturated fatty acids, was protective. Another 
study demonstrated that a sufficient ( European Union defined daily intake) consumption 
of zinc-containing food increased the disease-free interval for patients with head and neck 
cancer in general. (25) 
GENETIC SUSCEPTIBILITY                                              
 
The genetic mutations may be produced by activation of proto-oncogenes and inactivation 
of tumour suppressor genes. The cell turnover is maintained by an equilibrium between 
growth promoting and growth restraining signal transduction and the natural cell loss. 
Mutations occur in the form of deletions, rearrangements, point mutations, translocations 
23 
 
or reduplications. It was found that aggregation of these  genetic alterations give rise to 
multistep carcinogenesis.(26) 
FAMILIAL PREDISPOSITION                                         
 
The incidence of upper aero digestive tract cancers is higher in first degree relatives of head 
and neck cancer patients as compared to cancer free. (24) It was found that intermediate 
metabolites formed in cells to detoxify the carcinogens are more carcinogenic than the 
carcinogens itself. An efficient enzyme system is essential to detoxify the danger 
compounds which includes Glutathione S-transferase and N-acetyltransferase 1. 
Acetylating action of variety of carcinogenic aromatic amines is done by N-
acetyltransferase 1. In a Japanese study on a series of oral squamous cell carcinomas 
revealed increased risk for people with a particular polymorphism of N-acetyltransferase 
1. GST family consists GST α, µ (M), π (P) and θ (T). Polymorphism in several members 
of the GST family has been analysed in HNSCC. GSTMI AB genotype may be associated 
with a lower risk for all HNSCC(head and neck squamous cell carcinoma). GSTM3 BB 
genotype is specifically associated with lower risk of laryngeal cancers whereas GSTP 1 
AA genotype is specifically associated with a lower risk of oral/pharyngeal cancers (27). 
It was found that lack of GSTMI gene in individuals  have been shown to be at an increased 
risk for all types of HNSCC(28).  
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MOLECULAR BIOLOGY OF UPPER AERODIGESTIVE TRACT CANCERS 
 
The molecular biology of laryngeal squamous cell carcinoma is a complex system and 
there has been no single entity found responsible for carcinogenesis. The characteristic 
features of  a cancer involves processes where there are increased cell proliferation and 
decreased cell death.(29) This is usually brought about by inactivation of tumour 
suppressor genes, activation of oncogenes or both. The progressive accumulation of genetic 
alterations  lead to selection of a clonal population of transformed cells and lead to 
cancer.(30) Though the precise number of genetic alterations needed before development 
of cancer is difficult to define. However, Renan in 1993 put forth  a statistical model in 
which he suggested between six to ten genetic alterations have  to accumulate for 
carcinogenesis.(31) Knudson put forth his model of the “two-hit” hypothesis in 1971 where 
he described a model in which two copies of the parentally inherited Rb gene were 
inactivated either by mutation or by loss of chromosomal material, leading to development 
of hereditary or sporadic retinoblastoma.(32) Califano and associates used microsatellite 
analysis and correlated allelic imbalance due to chromosomal loss and gain with varying 
grades of dysplasia in premalignant lesions. He also defined the progression of normal 
mucosa to invasive carcinoma which is demonstrated by the following flowchart. (33) 
                                                            Normal mucosa 
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                                                              Hyperplasia 
               
                                                              Dysplasia 
                                                                
                                                            Carcinoma insitu 
                                                                
                                                              Invasive carcinoma 
                                                               Metastasis 
There were clonal, genetic changes in even the earliest of lesions. The first genetic 
alterations to occur in the progression to cancer were loss at 9p21 or 3p and the 
corresponding inactivation of p16 and p14/aRF and putative 3p tumour suppressor genes.  
The model demonstrates the increased abberations in chromosomes as we go from normal 
mucosa to invasive carcinoma. There is loss of 3p and 9p as hyperplasia progresses to the 
stage of dysplasia which is classified into mild, moderate and severe grades. 17p loss result 
in transformation from mild dysplasia to moderate dysplasia whereas p53 mutation, 11 q13 
amplification cause severe dysplasia. Loss of 17p13, 3p25, 3p14, 8q, 13q 14q cause 
progression of dysplasia into carcinoma insitu. Invasive carcinoma results from carcinoma 
insitu by amplification of 4q, 6p, 8p, 18q loss,3q. The Overexpression of matrix 
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metalloproteinases MMP-2 and MMP-9 causes metastasis. There is overexpression of 
Epidermal growth factor(EGFr) seen in the first stage of hyperplasia of cells. (33)  The 
concept of field cancerization was described by Slaughter and colleagues who  recognized 
histopathologic changes in the epithelia surrounding the invasive tumours and increased 
incidence of second primary tumours.(34) 
 
WHO CLASSIFICATION OF LARYNGEAL CARCINONOMA 
WHO has classified laryngeal tumours based on the histology into non-neoplastic lesions, 
pre-malignant lesions and primary laryngeal malignancies.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
Primary laryngeal malignancies were again subdivided into Epithelial, malignant salivary 
gland tumors, neuroendocrine tumors, malignant soft tissue tumors, 
malignant tumors of bone and cartilage, haematolymhoid tumors. 
The WHO classification of primary laryngeal malignancies is listed below: 
  
 
Primary Laryngeal Malignancies  
   
 
Epithelial  
       Squamous cell carcinoma (SCC)  
   
 
Verrucous SCC 
   
 
Spindle cell carcinoma 
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Adenoid SCC 
   
 
  Basaloid SCC 
   
 
  Clear cell carcinoma 
   
 
  Adenosquamous carcinoma 
   
 
  Giant cell carcinoma 
         Lymphoepithelial carcinoma 
 
   
 
Malignant salivary gland tumors  
   
 
   Adenocarcinoma 
   
 
   Acinic cell carcinoma 
   
 
   Mucoepidermoid carcinoma 
   
 
   Adenoid cystic carcinoma 
   
 
   Carcinoma ex pleomorphic adenoma 
   
 
   Epithelial-myoepithelial cell carcinoma 
   
 
   Salivary duct carcinoma 
 
   
 
Neuroendocrine tumors  
   
 
    Carcinoid tumor 
   
 
    Atypical carcinoid tumor 
   
 
    Small cell carcinoma 
   
 
    Malignant paraganglioma 
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Malignant soft tissue tumors  
   
 
   Fibrosarcoma 
   
 
   Malignant fibrous histiocytoma 
   
 
   Liposarcoma 
   
 
   Leiomyosarcoma 
   
 
   Rhabdomyosarcoma 
   
 
   Angiosarcoma 
   
 
   Kaposi's sarcoma 
   
 
   Malignant hemangiopericytoma 
   
 
   Malignant nerve sheath tumor 
   
 
   Alveolar soft part sarcoma 
   
 
   Synovial sarcoma 
   
 
   Ewing's sarcoma 
 
   
 
Malignant tumors of bone and cartilage  
   
 
     Chondrosarcoma 
   
 
     Osteosarcoma 
 
   
 
Hematolymphoid tumors  
   
 
    Lymphoma 
   
 
    Extramedullary plasmacytoma 
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SQUAMOUS CELL CARCINOMA OF THE LARYNX                                                  
 
Among the malignant tumors of larynx, squamous cell carcinoma is the most common. It 
accounts for 85-95% of laryngeal cancers. Squamous cell carcinoma may be 
macroscopically exophytic or endophytic. Microscopically it has typical ‘prickle’ cells and 
keratin whorls. 
                     
  Figure10:Squamous cell carcinoma microscopy
 
PATHOLOGY OF SQUAMOUS CELL CARCINOMA                                                     
  
The characteristic feature of squamous cell carcinoma is squamous differentiation which 
is defined by the formation of keratin and/or the presence of intercellular bridges(35). SCC 
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is graded by its histologic appearance into three categories: well, moderately, and poorly 
differentiated. The well-differentiated SCC resembles normal squamous epithelium though 
it contains basal-type cells and squamous cells with keratinization and intercellular bridges. 
The nuclei are hyperchromatic and irregular in size and shape (pleomorphic), and the 
nuclear-cytoplasmic ratio is reduced. Atypical mitoses are rare. Moderately differentiated 
SCC has less keratinization, more atypical mitoses, and more nuclear pleomorphism. 
Intercellular bridges are present. While the poorly differentiated SCC has minimal 
keratinization, minimal intercellular bridges, and numerous atypical mitoses(36).The SCC 
invades the underlying tissue by breaching the basement membrane and the pattern of 
invasion has been found to be expansive when there is well defined margins or infiltrative 
when there is ill defined margins. SCC in situ is the term used for a lesion in which the 
entire thickness of the epithelium shows the cellular features of carcinoma without invasion 
of the underlying stroma. Micro invasive SCC refers to SCC in which limited tumor 
invasion is confined to the area just deep to the basement membrane. In addition to this, 
necrotizing sialo metaplasia and pseudoepitheliomatous hyperplasia are two entities which 
needs to be distinguished from squamous cell carcinoma. Recently immunohistochemistry 
has been used to differentiate from these entities(37). The Epithelial markers such as 
cytokeratin and epithelial membrane antigen are expressed in squamous cell carcinoma. 
CLINICAL PRESENTATION OF LARYNGEAL CANCERS                                                            
The symptoms of laryngeal SCC mainly depends on the site from which the lesion arises. 
According to   the site of origin the presenting symptoms vary.  Supraglottic tumors may 
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present with dysphonia, dysphagia, odynophagia, otalgia, stridor, dyspnea, or hemoptysis. 
Since there is rich lymphatic supply for the supraglottis therefore, patients with supraglottic 
SCC may also present with metastatic cervical adenopathy, without obvious laryngeal 
symptoms. The Supraglottic SCC usually metastasizes to levels II, III, and IV. The Levels 
I and V are  rarely    involved by metastases and only when other nodal levels are also 
involved. (38) The cardinal symptom of glottic SCC is hoarseness of voice which develops 
early in the natural history of the disease as the normal vibratory characteristics of the vocal 
cord are altered by even a small lesion. Therefore patients with glottic SCC usually present 
with earlier stages of disease (39). Glottic tumors remain localized in the glottis for 
prolonged periods, owing to the natural barriers to tumor spread (ligaments, membranes, 
and cartilages) and to the relative paucity of glottic lymphatics. In patients where the early 
symptoms are ignored or attributed to other diagnoses, symptoms of advanced disease such 
as dyspnea and stridor may arise. SCC of the subglottis often presents with advanced-stage 
disease. The distant metastases from laryngeal SCC include not only hematogenous 
metastases to distant organs, but also lymphatic metastases to nodal groups outside the 
neck. The most common site for distant hematogenous metastases is the lung whereas the 
mediastinum is the most common site for distant lymphatic metastases. (40) 
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CLINICAL PRESENTATION OF HYPOPHARYNGEAL 
CANCERS 
There has been a significant increase in the trend among males with hypopharyngeal 
cancers. In a study it was found that the majority of the patients (91% of the patients) were 
alcohol consumers and histology showed squamous cell carcinoma. The majority of the 
patients (89%) had low life standards (based on residential area, educational factors, type 
of work and occupational factors)including poor oral hygiene and nutrition.(39) 
TNM STAGING OF HYPOPHARYNGEAL AND LARYNGEAL CANCERS 
 
HYPOPHARYNX 
Subsites: 1. Post cricoid area 
                2. Pyriform sinus 
                3. Posterior Pharyngeal wall 
T1    Lesion limited to one subsite of hypopharynx and/or 2 cm or less in greatest    
dimension 
33 
 
T2   Lesion invades more than one subsite of hypopharynx or an adjacent site, or measures 
more than 2cm but not more than 4cm in greatest dimension, without fixation of 
hemilarynx. 
T3   Lesion more than 4cm in greatest dimension, or with fixation of hemilarynx or             
extension to oesophagus. 
T4a   Lesion invades any of the following: thyroid/cricoid cartilage, hyoid bone, thyroid     
gland, oesophagus, central compartment soft tissue* 
T4b   Lesion invades prevertebral fascia, encases carotid artery, or invades mediastinal 
structures. 
 Note* Central compartment soft tissue includes prelaryngeal strap muscles and 
subcutaneous fat.(41)  
SUPRAGLOTTIS 
Subsites: a) Suprahyoid epiglottis, b) Aryepiglottic fold, c) Arytenoid, d) Infrahyoid 
epiglottis, e) Ventricular bands 
T1 - Lesion limited to one subsite of supraglottis with normal vocal cord mobility  
T2 – The lesion invades mucosa of more than one adjacent subsite of supraglottis or glottis 
or region outside the supraglottis (e.g., mucosa of base of tongue, vallecula, medial wall of 
pyriform sinus) without fixation of the larynx  
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T3 – The lesion limited to larynx with vocal cord fixation and/or invades any of the 
following: postcricoid area, pre-epiglottic tissues, paraglottic space, and/or inner cortex of 
thyroid cartilage.  
 T4a – The lesion invades through the thyroid cartilage and/or invades tissues beyond the 
larynx (e.g., trachea, soft tissues of neck including deep extrinsic muscle of the tongue, 
strap muscles, thyroid, or esophagus) 
T4b – The lesion invades prevertebral space, encases carotid artery, or invades mediastinal 
structures  
GLOTTIS 
T1 – Malignant lesion limited to vocal cord(s) (may involve anterior and posterior 
commissure) with normal mobility.  
T1a –Malignant lesion limited to one vocal cord.  
T1b – Lesion involves both vocal cords  
T2 – Malignant lesion involves supra glottis and / or subglottis and /or with impaired vocal 
cord mobility  
T3 –Malignant lesion limited to larynx with vocal cord fixation and/or invades paraglottic 
space and / or inner cortex of thyroid cartilage erosion.  
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T4a –Malignant lesion invades through thyroid cartilage and / or invades tissue beyond the 
larynx (eg: trachea, soft tissues of neck including deep extrinsic muscles of the tongue, 
strap muscles, thyroid or oesophagus)  
T4b –Malignant lesion invades pre-vertebral space, encases carotid artery or invades 
mediastinal structures. 
SUBGLOTTIS 
T1 – Lesion limited to the subglottis  
T2 - Lesion extends to vocal cord(s) with normal or impaired mobility  
T3 – Lesion limited to larynx with vocal cord fixation  
T4a – Lesion invades cricoid or thyroid cartilage and/or invades tissues beyond the larynx 
(e.g., trachea, soft tissues of neck including deep extrinsic muscles of the tongue, strap 
muscles, thyroid, or esophagus)  
T4b – Lesion invades prevertebral space, encases carotid artery, or invades mediastinal 
structures 
REGIONAL LYMPH NODE STAGING 
NX- The regional lymph nodes cannot be assessed. 
N0 - There is no regional nodes metastasis. 
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N1 – Presence of metastasis in a single ipsilateral lymph node, 3 cm or less in greatest 
dimension. 
N2 - Subdivided as: 
N2a – Presence of metastasis in a single ipsilateral lymph node, more than 3 cm but not 
more than 6 cm in greatest dimension without extranodal extension. 
N2b – Presence of metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in 
greatest dimension, without extranodal extension. 
N2c – Presence of metastasis in bilateral or contralateral lymph nodes, none more than 6 
cm in greatest dimension, without extranodal extension. 
N3a – Presence of metastasis in a lymph node more than 6 cm in greatest dimension, 
without extranodal extension. 
N3b – Presence of metastasis in a single or multiple lymph node with extranodal extension. 
M – Distant metastasis 
M0 – No evidence of distant metastasis. 
M1 – Evidence of distant metastasis present.(41) 
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Stage  T  N  M  
0 Tis N0 M0 
I T1 N0 M0 
II T2 N0 M0 
III T3 N0 M0 
T1 N1 M0 
T2 N1 M0 
T3 N1 M0 
IVA T4a N0 M0 
T4a N1 M0 
T1 N2 M0 
T2 N2 M0 
T3 N2 M0 
T4a N2 M0 
IVB T4b Any N M0 
Any T N3 M0 
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Stage  T  N  M  
IVC Any T Any N M1 
 
Seventy-degree fiberoptic view of T3N0M0 SCC supraglottis. Tumor extends from 
epiglottis onto left false fold.
 
Figure 7: Fibreoptic laryngoscopic view of carcinoma of supraglottis 
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PROGNOSIS AND PROGNOSTIC FACTORS                                                     
 
The prognosis of laryngeal cancer patients depends on disease factors and patient factors. 
The 5 years survival rate is 64%, the rate for individual sites being  47% for supraglottic 
SCC, 79% for glottic SCC, and 30%-50% for subglottic SCC(42). Therefore, the clinical 
staging of the disease is an important prognosis predictor of the disease. While in TNM 
staging, with increase in T and N, the prognosis becomes poor and N value is more 
important factor than T value(43).In addition, the histological grading pattern ,invasion 
pattern and perineural or vascular invasion may influence the survival and locoregional 
control(44).It was also found that the epidermal growth factor overexpression predicts 
chemosensitivity and radio sensitivity and the disease free survival is predicted by 
overexpression of cyclin D1/D2.The overexpression of both has the worst prognosis(45). 
In a meta-analysis conducted for  HPV in head and neck cancer,  HPV related 
oropharyngeal cancers had a better prognosis  compared to non HPV types(46).Numerous 
studies have demonstrated that, at presentation, in addition to the number of positive nodes, 
nodal size, and nodal location, the presence of extracapsular tumor spread within regional 
lymph node metastases in tumors of the larynx and hypopharynx is a prognostic factor for 
survival.(40) 
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                               HISTORY OF LARYNGOSCOPY 
 
The ‘Laryngoscope’ is a device that is used to visualise the larynx.(47) Dental mirrors of 
highly polished metal were used to examine the oral cavity during the time of the Roman 
Empire.(48) Manuel García II was considered to be the first individual to view the 
functioning glottis in its entirety. (49)  He described the action of the vocal cords during  
inspiration with vocalization and production of sound in the larynx(48).In November 1857, 
Professor Johann Nepomuk Czermak of Budapest discovered a system for Laryngoscopy 
for use into clinical practice, which incorporated a system of mirrors that had  been used 
by Turck. A brighter artificial light source for sunlight was substituted by Turk and he was 
able to focus the light by using a concave ophthalmic examining mirror. Initially, the mirror 
was held between his teeth to focus the reflected light to the posterior pharynx. Later on , 
a hole was   made in the mirror, for providing direct vision on the pharynx.(50)  
                
Figure 8: Manuel Garcia using his laryngoscope to view glottis with sunlight as 
external source of light 
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The first direct laryngoscopy was used by Alfred Kirstein in 1895. It was believed that 
Kirstein developed direct laryngoscopy following an accidental tracheal intubation by one 
of his colleagues while trying to perform an endoscopic oesophagoscopy.(49) He 
meticulously reported his technique and instrumentation, detailing the ideal head and neck 
position (sniffing), as well as the techniques required for successful laryngeal exposure. As 
a result, Kirstein had become known as the pioneer of direct laryngoscopy.(47)     Chevalier 
Jackson who was a professor of Laryngology at Jefferson Medical College in Philadelphia, 
Pennsylvania, was the one who described for the first time about the combination of direct 
visualisation of the larynx with endotracheal intubation. In 1903 he designed his first 
laryngoscope, a U-shaped tubular instrument with a spatula and a tubal handle(51). 
Originally he used a laryngoscope that required the use of a headlight, but later he designed 
a laryngoscope blade with a distal light source. The distal illumination was found to be 
crucial for effective use of his laryngoscope because of the lateral approach through the 
oral cavity and oropharynx.(52) Jackson initially performed direct laryngoscopy as 
Kirstein had described it, with the patient in the sitting position, the neck flexed at the chest 
and the head extended at the occipital joint. At the beginning of the 20th century,  Jackson 
introduced supine direct laryngoscopy with the head raised by an assistant  named 
Boyce(52,53).
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Figure 9: Classic sniffing position for direct laryngoscopy 
  The techniques of laryngoscopy have improved with the development of flexible 
fiberoptic cables, enabling a much better visualization and illumination of the larynx for 
both direct and indirect laryngoscopy. The development of fiberscopes was first undertaken 
for medical purposes during the late 1950s.(54) In 1968, Kensuke Ikeda of Japan 
introduced flexible fiberoptic bronchoscopy into medical  practice following the first 
successful fiberoptic intubation reported by Calder in 1967.(55,56) 
 
                            
43 
 
                        FLEXIBLE LARYNGOSCOPY 
Flexible laryngeal endoscopy is the most safe, practical, and indispensable examination for 
observation of the larynx and hypopharynx. (54) For a flexible laryngoscopic examination, 
following things are needed which includes, a standard flexible nasolaryngoscope, gloves, 
a nasal speculum, surgical lubricant, antifogging solution, decongestant spray, anesthetic 
spray, and a wall-suction setup with a Frazier-tip suction catheter. It is also useful to have 
tissues available. Decongestants, such as 0.05% oxymetazoline or 0.1% to 1.0% 
phenylephrine, are used to cause mucosal vasoconstriction of the nasal passages, so that 
the endoscope can pass smoothly without any discomfort along with Lignocaine (4.0%) is 
used to anesthetize the pharynx and larynx. The flexible endoscope is provided with a 
thumb-dial control that allows the examiner to deflect the tip up or down. If it is rotated 90 
degrees, the thumb dial lets the examiner turn corners and maneuver from side to side, as 
well as up and down.(57) 
 
PROCEDURE 
 
Place the tip of the laryngoscope into the nostril after dipping the tip of endoscope in anti-
fogging solution and slowly advance it lateral to the septum and medial to the inferior 
turbinate followed by visualizing the inferior meatus and then follow along the inferior 
turbinate. While advancing the scope posteriorly into the nose beyond the middle turbinate 
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along the nasal floor, visualize the eustachian tube orifice along with the adenoid. 
Immediately posterior to the Eustachian tube opening is a shallow depression called Rosen 
Muller’s fossa. While asking the patient to breathe through the nose; this will separate the 
palate from the posterior nasal wall and allow passage of the scope into the oropharynx. 
While passing the scope inferiorly until the true vocal cords are clearly visualised which 
appear clean, white, and taut. In addition, note any changes in the color of the mucosa or 
any superficial irregularities. When the patient is breathing deeply, the glottis remains wide 
open, with the vocal cords abducted while some portion of the subglottic larynx can usually 
be seen along with part of the anterior ring of the cricoid cartilage is often visible just 
below the true vocal cords. However, the laryngoscope should not be passed through the 
true vocal cords, since contact with the true cords can elicit laryngospasm. On asking the 
patient to sniff or to inspire deeply through the nose will cause maximal vocal cord 
abduction, permitting optimal assessment of the larynx.(58) Then, patient is asked to 
phonate  “e” or “ah” to assess the function and movement of the vocal cords and arytenoid 
cartilages. After examining the epiglottis, arytenoids, aryepiglottic folds, false vocal folds, 
true vocal cords, and subglottic region, or cricoid shelf, the hypopharyngeal anatomy 
should be distinguished from both the larynx and the oropharynx, using the boundaries of 
the aryepiglottic and pharyngoepiglottic folds, respectively. For all portions of this 
examination, advance the endoscope as close to the tissue being examined as possible 
always, without making contact. Touching the mucosa may elicit a gag reflex. The paired 
pyriform sinuses are visible on either side of the larynx which are clearly visualized on 
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asking the patient to puff out the cheeks and hold them (Valsalva maneuver); this will push 
out the walls of the hypopharynx, allowing for an easier and more complete view. In 
addition rotate the head from one side to the other to maximize visualization of lateral 
structures.(57) Since laryngoscopy is generally painless, no post procedure analgesia is 
necessary. It is advisable not eat or drink for 1 hour after the application of lignocaine as 
reduced laryngopharyngeal sensation might predispose the patient to aspiration till 
mucosal anaesthesia resolves. The evaluation of the larynx and pharynx is an important 
part of a complete physical examination. Laryngoscopy by mirror or by flexible fiberoptic 
exam can be safely performed in adults and children for assessment and grading of benign 
or malignant conditions.(57)
Figure 10: Flexible laryngoscopy showing Normal method in the outpatient 
department 
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VARIOUS TECHNIQUES FOR DETAILED VISUALISATION OF 
LARYNX AND HYPOPHARYNX 
 
1. MODIFIED VALSALVA MANEUVER 
 
The patient sits upright in a chair facing the examiner and instructions for the procedure 
are given to the patient before the introduction of the nasopharyngo-scope. The tip of the 
endoscope is then positioned above the inlet of the larynx and the nose is squeezed gently 
by the fingers of the examiner's left hand. The patient is then asked to blow hard through 
the obstructed nose with the mouth closed (the modified Mueller maneuver). The resultant 
raised intrapharyngeal pressure expands the pharynx by stretching the underlying 
pharyngeal musculature. The ballooning of the pyriform fossae and posterior pharyngeal 
wall not only allows a more accurate assessment of the stretched pharyngeal mucosa but 
also gives a view of the postcricoid region, pyriform fossae and posterior pharyngeal wall 
below the level of the arytenoid cartilages. (57) 
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2. HEAD TORSION TECHNIQUE 
 
After the insertion of flexible fiberoptic endoscope endonasally in the usual manner, the 
vocal folds are visualised, the patient’s head is turned. During endoscopic observation, if 
the patient’s head turns to the right, the larynx itself rotates clockwise and moves to the 
right. The right side of the false vocal fold, glottic ventricle and true vocal fold can be 
observed from a more latero-superior position, as the tip of the endoscope is situated ‘face 
to face’ with these structures. On the other hand, the left piriform sinus is widely opened 
by head torsion, so observation of the hypopharynx becomes easier. In addition, if the 
examiner wants to visualise a left-sided laryngeal lesion, it is better to insert the endoscope 
via the right nasal passage. Using this approach, the tip of the endoscope runs from the 
right to left side; therefore, observation of the left side of the endolarynx becomes much 
easier. Using this method, the larynx can be examined much more 3. precisely.(59) 
3. TRUMPET MANEUVER 
 
After Standard observations of the vocal cords and aryepiglottic folds are made. The 
patient is asked to phonate to assess vocal cord mobility and the superior aspects of the 
pyriform sinuses are examined. Then the patient, previously instructed in the trumpet 
maneuver, is asked to place his index finger between his lips. He is then instructed to “blow 
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as hard as he can on his finger, as though he were trying to inflate a balloon.” At this point, 
the patient’s cheeks will puff outward, the larynx will elevate, and the pyriform sinuses 
and postcricoid will balloon outward. The upward movement of the larynx often is 
disorienting to the examiner as the position of the tip of his fiberoptic telescope changes 
relative to the larynx. The patient is usually able to maintain  his position for  10-30 
seconds, which allows enough time for the examiner to manipulate the telescope into 
position. (60)  
 
 
4. COMBINATION OF THE VALSALVA MANEUVER AND ANTERIOR 
NECK SKIN TRACTION 
 
This includes performing Valsalva maneuver while doing flexible laryngoscopy followed 
by anterior skin traction of the neck for better visualization. 
A. THE MODIFIED KILLIAN METHOD 
After placing the patient in the Killian position (i.e., the patient’s neck is bent forward and 
the chin is depressed far enough so that the patient is able to look down at the umbilicus) 
and then bending the patient further forward from the original Killian position (i.e., similar 
to bowing). This position is called as the modified Killian (MK) position. Then, the 
patient’s head is turned and make the patient perform the Valsalva maneuver while in the 
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MK position. This expands the hypopharyngeal space very widely. These additional 
maneuvers with the patient in the MK position constitute the MK method.(61) 
 
Figure 11: Flexible laryngoscopy using Modified Killian’s Method in the outpatient 
department. 
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B. NARROW BAND IMAGING 
 
Narrow band imaging (NBI) is a novel optical technique that enhances the diagnostic 
capability of endoscopes in characterizing tissues by using narrow band width filters in a 
red-green-blue sequential illumination system. (62) The blue filter is designed to 
correspond to the peak absorption spectrum of hemoglobin to emphasize the image of 
capillary vessels on surface mucosa. Superficial lesions are identified by changes in the 
color tone and irregularity of surface mucosa during endoscopic examinations. Moreover, 
NBI is a noninvasive technique that can be carried out in the outpatient clinic without 
general anesthesia. (2) 
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PREVIOUS STUDIES DONE TO VISUALISE 
HYPOPHARYNGEAL AND LARYNGEAL LESIONS 
 
It has been proposed that these cancers can be picked up at an early stage if the site and 
extent of the tumor are seen accurately at the time of initially endoscopic procedure. 
Following studies have been done for increasing the diagnostic accuracy. 
STUDIES DONE: 
 
1.Evaluation of Modified Killian’s Method: A Technique to Expose the Hypopharyngeal 
Space.(63) 
 2. Novel laryngoscopic strategies to improve evaluation of the site and extent of primary 
hypopharyngeal tumours.(64) 
3.A new technique to expose the hypopharyngeal space: The Modified Killian’s 
method.(61) 
 
52 
 
Table 1: Various studies done using different techniques to visualise hypopharynx 
 
STUDY 
 
YEAR 
STUDY 
DESIGN 
SAMPLE 
SIZE 
TECHNIQUES USED 
TO EXPOSE 
HYPOPHARYNGEAL 
SPACE 
CONCLUSIONS 
Ni et al 2013 Prospecti
ve cross 
sectional 
113 Anterior skin Traction, 
Valsalva, Injection of 
oxygen to biopsy channel 
Effective pre-
treatment staging 
of hypopharyngeal 
cancers. 
Sakai 
et al 
2013 Prospecti
ve case 
series 
2 Modified Killian’s 
Method 
Improvement in 
Visualization and 
extent of tumor 
Muron
o et al 
2014 Prospecti
ve case 
series 
57 Modified Killian’s 
Method 
This method 
provides effective 
view of 
hypopharynx 
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 All the above studies were done to visualise the hypopharynx and the hidden areas of 
hypopharynx to detect the tumour extent at the earliest but none of the studies have compared 
the above techniques with the direct laryngoscopy which is the gold standard in visualization 
of hypopharyngeal and laryngeal malignancies. 
In this study we aimed to check the role of flexible laryngoscopy using Modified Killian’s 
method and its accuracy by comparing it with direct laryngoscopy. In addition, to improve the 
number of subsites visualised on a grading scale by comparing normal method of laryngoscopy 
with Modified Killian’s method of laryngoscopy. 
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                        MATERIALS AND METHOD 
 
This study looks at the role of flexible laryngoscopy using Modified Killian’s Method as a 
technique to improve visualization and staging in hypopharyngeal and laryngeal cancers. After 
approval by the Institutional Review Board in November 2016 (IRB Min No: 
10264[DIAGNO]) dated 05/09/2016 the study was conducted in the department of 
Otorhinolaryngology of the Christian Medical College, Vellore.       
 Duration of the Study: November 2016 to June 2018        
Type of study: Diagnostic Test Accuracy (Observational) 
Setting: The study was conducted in the ENT outpatient department and in the ENT operating 
room at Christian Medical College, Vellore between November 2016 and June 2018. The 
subjects were evaluated in the ENT outpatient department and explained about the study in 
detail and were given an information sheet for clarifications. Informed valid consent was taken.      
                                              SAMPLE SELECTION      
A total of 50 patients were selected consecutively from the ENT outpatient department based 
on the following criteria:       
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INCLUSION CRITERIA   
Patients over 35 years of age with primary site of head and neck cancers - Hypopharynx and 
Larynx (Supraglottis) were studied in order to improve visualization of the tumor site on 
performing flexible laryngoscopy using Modified Killian’s method. 
EXCLUSION CRITERIA:  
1.) Malignancies of oral cavity, oropharynx, nasopharynx, paranasal sinuses, brain tumors.  
2.) Patient who have lignocaine allergy, dyspnea, cardiac disease and not able to understand 
the procedure or sign the informed consent. 
 3.) Patients who already have biopsy done outside with proven hypopharyngeal and laryngeal 
malignancy.                                                                               
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                                METHODOLOGY 
 
All patients who satisfied the inclusion and exclusion criteria were enrolled in the study after 
giving information regarding the study in their own language and informed consent was taken.               
  
Figure 12: Flow chart showing the methodology of the study 
 
 
OPD SAMPLE 
COLLECTION
• PATIENT WHO CAME TO ENT OPD FOR EVALUATION FOR FIRST 
TIME.
• FLEXIBLE ENDOSCOPY WAS DONE FOR THE SUSPECTED CASES AS 
A ROUTINE PROCEDURE.
DIAGNOSTIC 
PROCEDURE
• PATIENT INFORMED ABOUT THE STUDY IN DETAIL AND 
INFORMED CONSENT WAS TAKEN.
• FLEXIBLE ENDOSCOPY WAS DONE USING NORMAL METHOD  AND 
MODIFIED KILLIAN'S METHOD .
DIAGNOSTIC 
ACCURACY 
MEASURED
• EXTENT OF TUMOR AS GRADED AND INTERPRETED.
• A SUBSET OF SAMPLE WHO UNDERWENT  DIRECT 
LARYNGOSCOPY WERE COMPARED WITH THE ABOVE METHODS 
ADDITIONALLY.
FINAL RESULTS
• ANALYSIS OF THE DATA AND FINAL RESULTS.
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PROCEDURE: 
 
STEP 1: The nose and throat of the patients was sprayed with an anesthetic medication (0.05% 
Oxymetazoline solution and 4% lignocaine solution spray) 5 minutes prior to the procedure.  
STEP 2: A 3.7mm ENFP4(Olympus) etc fiberoptic endoscope was used for the procedure. This 
device was connected to a camera and a recording device. The video of the laryngoscopy 
recorded in the software were reviewed and graded later. 
STEP 3: After dipping the tip of endoscope in antifogging solution, the flexible laryngoscopy 
was done in normal routine method with the patient in the sitting position, the subject was 
asked to phonate using the syllable ‘eee’ and asked to bend down in a bowing position which 
is the modified Killian’s position while performing Valsalva maneuver.  Both the flexible 
laryngoscopy and these additional methods usually do not cause discomfort. The risks which 
can occasionally occur could be minor nose bleed, cough, and pricking sensation in the throat. 
Allergy to the local anesthetic medication may be a rare complication. The method 2(Modified 
Killian Method) which was the modification of the method 1(routine flexible laryngoscopy) 
was aimed at improved visualization of the lower part of throat. The likelihood of detection of 
early hypopharyngeal lesions would be higher.  
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STEP 4: The grading was done on Murono scoring scale. Final scores were compared between 
both the methods. A subset of the sample who underwent direct laryngoscopy were also 
compared with normal method of laryngoscopy and Modified Killian’s method. 
STEP 5: The video recordings of both the techniques was reviewed by two coinvestigators – 
(Experienced Otorhinolaryngology consultants which includes the guide). These two 
investigators were blinded to each other’s evaluation. The extent of the tumor was noted and 
the degree of the exposure of the hypopharynx was graded using Murono’s scale by each 
investigator independently. The following scoring system was used to grade the visualised part 
of  the hypopharynx as used previously by Murono et al in their study.(63) 
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MURONO SCALE SCORE  
        Grade of Visualization of Hypopharynx 
  
 
 
 
 
 
 
 
SCORE PART OF HYPOPHARYNX VISUALISED 
1 Only pyriform sinuses are observed 
 
2 Part of postcricoid area is observed 
 
3 Whole postcricoid area is observed 
 
4 Greater than whole postcricoid area is observed 
 
5 Upper esophageal sphincter is observed 
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                                SAMPLE SIZE CALCULATION 
 
Taking previous study done by Murono et al into account, the sample size was calculated the 
following formula (61). The calculations were made for 80% power and 5 % error. To detect 
a difference of 0.68 units in visibility score we need a minimum sample of 10 subjects. Though 
the minimum sample size was 10, we took the sample size of 50 to have their comparisons. 
Mean (Normal)= 1.11   SD=0.36Mean (Normal) = 3.39    SD=0.94
 
             Figure 13: Formula for sample size calculation 
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                                                             DATA ANALYSIS 
 
The data was entered in the excel sheet and was analysed using STATA15.1 
I/C software. Descriptive statistics were given using mean (SD-Standard Deviation) 
for continuous variables and frequency (percentage) for categorical variables. The 
difference between the mean scores were analysed using paired-t test. In addition, 
subgroup analysis was done. The variables to be compared included patient age, 
gender, direct laryngoscopy done or not and scores obtained based on visualization 
of tumours. Data was expressed as mean with standard deviation/median (IQR) for 
continuous data and frequency along with percentage for categorical data. The 
agreement between the scales and the observer i.e. the inter and intra observer 
agreement were presented with concordance rate and kappa weighted analysis. 
Weighted kappa was presented for the scores and kappa corrected for bias and 
prevalence was presented for subsites with standard errors.  The agreement between 
raters (Co- investigator 1 and co-investigator 2) were analysed using weighted 
Kappa as the scores on grade. Kappa was graded between -1 to 1 where value below 
-1 means disagreement. 
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  KAPPA INTERPRETATION TABLE 
Kappa Interpretation 
<0 Poor agreement 
0.0-0.20 slight agreement 
0.21-0.40 fair agreement 
0.41-0.60 moderate agreement 
0.61-0.80 substantial agreement 
0.81-1.00 Almost perfect agreement 
 
                 Table 2: Kappa Value Interpretation table 
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                                           RESULTS 
A total of 50 patients were recruited during the study. 
DEMOGRAPHIC PROFILE 
Ia.   AGE 
 
Majority of the patients were between 55 years and 65 years of age. The median age 
was 60 years, with a mean of 61.26 years and mode of 56 years with a standard 
deviation of 9.43 years. 
 
Figure 14: Age Distribution among the study population 
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          I.b GENDER DISTRIBUTION 
 
Out of the 50 patients enrolled, 44 (88%) were male and 6(12%) were females. 
 
Figure 15: Sex distribution in the study population  
 
 
MALE, 88%
FEMALE, 
12%
SEX DISTRIBUTION
Male Female
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                                                  CLINCAL PROFILE 
     
  II a. TYPE OF MALIGNANCY  
       Out of 50 patients, 44%(n=22) of the patients had supraglottic lesions and 56% (n=28) 
had hypopharyngeal lesions. 
        
         Figure 16: Type of malignancy among the study population 
 
 
 
 
28, 56%
22, 44%
TYPE OF MALIGNANCY
HYPOPHARYNGEAL SUPRAGLOTTIC
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IIb: TYPE OF HYPOPHARYGEAL LESION 
 
Figure 17: Hypopharyngeal subsites involved among study population 
(PFS- Pyriform sinus, PPW- Posterior Pharyngeal Wall) 
Out of the 28 patients with hypopharyngeal cancer, 96%(n=27) had Pyriform sinus as the 
site of primary and 4%(n=1) had post cricoid as primary site. 
96%
4%
SUBSITES OF HYPOPHARYNX INVOLVED
PFS
POST
CRICOID
PPW
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                        GRADING OF THE LESION 
COMPARISON OF NORMAL METHOD OF LARYNGOSCOPY VS MODIFIED 
KILLIAN’S METHOD OF LARYNGOSCOPY VS DIRECT LARYNGOSCOPY – 
MURONO SCALE SCORES 
 
 
Figure18: Comparing Murono scores of all three methods 
 
(Normal- Murono score of Normal method of laryngoscopy, MK-Murono score of 
Modified Killian’s method and MS-DL-Murono score of Direct laryngoscopy)  
MURONO 
SCALE 
SCORES –  
MEAN 
SCORES 
TYPE OF METHOD USED FOR VISUALISATION OF TUMOUR 
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 (Y -axis shows score on Murono scale where Score 1-Only pyriform sinuses are observed, 
score 2-Part of postcricoid area is observed, score 3-Whole postcricoid area is observed, 
score 4-Greater than whole postcricoid area is observed and score 5-Upper esophageal 
sphincter is observed) 
 
In our study, we found the mean scores of normal method of flexible laryngoscopy was 
1.42, Modified Killian’s method of laryngoscopy = 2.94 and Direct laryngoscopy = 4.31. 
This graph demonstrates, patients with high Murono scale scores were found in the direct 
laryngoscopy group, whereas all patients who underwent laryngoscopy using normal 
method and Modified Killian’s method also had significant differences in the scores with 
higher scores in the Modified Killian’s method group. 
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                                 PAIRED T – TEST 
NORMAL METHOD OF LARYNGOSCOPY VS MODIFIED KILLIAN’S 
METHOD OF LARYNGOSCOPY 
VARIABLE n-
NUMBER 
MEAN 
MURONO 
SCORE 
STANDARD 
ERROR 
STANDARD 
DEVIATION 
NORMAL 
LARYNGOSCOPY 
50 1.42 0.09 0.64 
MODIFIED 
KILLIAN’S 
METHOD 
50 2.94 0.13 0.95 
                    Table 3: Paired T-test between normal and MK method 
There was a significant difference in the mean Murono scores of normal and MK 
method with a significant p- value of 0.000. 
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NORMAL METHOD OF LARYNGOSCOPY VS DIRECT LARYNGOSCOPY 
         Table 4: Paired T-test between normal method and direct laryngoscopy 
 
VARIABLE n-
NUMBER 
MEAN 
MURONO 
SCORE 
STANDARD 
ERROR 
STANDARD 
DEVIATION 
NORMAL 
LARYNGOSCOPY 
13 1.69 0.26 0.94 
DIRECT 
LARYNGOSCOPY 
13 4.30 0.41 1.49 
                 
The difference between the mean scores of Murono scale between normal method and 
direct laryngoscopy among the subset sample was 2.61 with a significant p value of 0.0002. 
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  MODIFIED KILLIAN’S METHOD VS DIRECT LARYNGOSCOPY 
                   Table 5: Paired T-test between MK method and Direct laryngoscopy 
 
VARIABLE n-
NUMBER 
MEAN 
MURONO 
SCORE 
STANDARD 
ERROR 
STANDARD 
DEVIATION 
MODIFIED 
KILLIAN’S 
METHOD 
13 2.92 0.28 1.03 
DIRECT 
LARYNGOSCOPY 
13 4.30 0.41 1.49 
  The difference in the mean Murono scores between MK method and direct laryngoscopy 
among the subset sample was 1.38 with a significant p value of 0.0064. 
(The scores used were the same according to the Murono scoring system to visualise the 
hypopharynx where, score 1-Only pyriform sinuses are observed, score 2-Part of 
postcricoid area is observed, score 3-Whole postcricoid area is observed, score 4-Greater 
than whole postcricoid area is observed and score 5-Upper esophageal sphincter is 
observed) 
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                MURONO SCALE GRADING OF THE TUMOUR                
                                         III.a MURONO SCALE GRADING 
     
Figure 19: Comparison of Murono Scale Score between normal and 
Modified Killian’s method (Normal 1 and MK method 1 – Co-Investigator 1 
and Normal 2 with MK method 2 – Co-Investigator 2) 
(Score 1-Only pyriform sinuses are observed, score 2-Part of postcricoid area is observed, 
score 3-Whole postcricoid area is observed, score 4-Greater than whole postcricoid area is 
observed and score 5-Upper esophageal sphincter is observed) 
 The Murono scores were found to be higher in the Modified Killian’s method of 
laryngoscopy as compared to normal method of laryngoscopy significantly between both 
the Co-Investigators. Majority of the patients in the MK method group had scores of 3 and 
4 as compared to the normal method of flexible laryngoscopy. 
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IIb COMPARISON OF MURONO SCALE SCORES BETWEEN NORMAL 
METHOD OF LARYNGOSCOPY AND MODIFIED KILLIAN’S METHOD OF 
LARYNGOSCOPY BY CO-INVESTIGATOR 1
 
Figure 20: Comparison of Murono Scores between normal and Modified Killian’s 
method of laryngoscopy of Co-Investigator 1 (g1-g5: Murono score in MK method and 
s1-s5: Murono score in Normal method as previously used in fig 18) 
The majority of the patients with low Murono scores in normal method had a higher scores 
in MK method. For example, patients who had score 1 in normal method of laryngoscopy 
(n=26) were found to have score of 3(42.3% of patients) in MK method of laryngoscopy. 
The concordance between the two methods was 82.75% with a Kappa value 0.21 
suggestive of fair agreement with standard error of 0.06. 
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IIIc MURONO SCALE SCORE OF MODIFIED KILLIAN’S METHOD OF 
LARYNGOSCOPY OF CO-INVESTIGATOR 1 
 
 
Figure 21: Murono scores in Modified Killian’s Method of Co-Investigator 1 (g1-g5= 
Murono scale score of MK method as previously used in fig 18) 
Majority of the patients had higher Murono scores in MK method, mostly score of 3(44%) 
and 4 (28%) as compared to the normal method which had scores of 1 and 2. 
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IIId COMPARISON OF MURONO SCALE SCORES BETWEEN NORMAL 
METHOD OF LARYNGOSCOPY AND MODIFIED KILLIAN’S METHOD OF 
LARYNGOSCOPY OF CO-INVESTIGATOR 2 
 
 
        Figure 22: Comparison of Murono Scores between normal and MK method of 
Co-Investigator 2 
 (S1-S5= Murono scores of Normal method and G1-G5= Murono scores of MK method of 
co-investigator 2, the scores are same as used in fig 18) 
This graph demonstrates that patients who had score of 1 (S1) where n=33 had score of 
3(G3) 54.5% in the Modified Killian’s method of laryngoscopy as graded by the Co-
investigator 2. The majority of the patients with low Murono scores in normal method had 
a higher score in MK method. The concordance between the two methods was 76.95% 
with a kappa value of 0.15 suggestive of slight agreement with standard error 0.04. 
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IIIe MURONO SCALE SCORE OF MODIFIED KILLIAN’S METHOD OF 
LARYNGOSCOPY OF CO-INVESTIGATOR 2 
 
Figure 23: Murono scores in MK Method of Co-Investigator 2  
(G1-G5= Murono score in MK method same as used in fig18) 
Majority of the patients had higher Murono scores in Modified Killian’s method of 
laryngoscopy, mostly score of 3(48%) and 4(26%) as compared to the normal method 
which had mostly scores of 1 and 2. 
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IIIf COMPARISON BETWEEN MODIFIED KILLIAN’S METHOD OF CO-
INVESTIGATOR 1 AND CO-INVESTIGATOR 2 
 
Figure 24: Comparison between Murono scores of Modified Killian’s method done 
by Co-Investigator 1 and Co-Investigator 2 (Co-Inv 1: MK method of Co-investigator 1 
and Co-Inv 2: MK method of Co-investigator 2, the scores 1-5 used are same as in fig18) 
The graph demonstrates a majority of patients graded by both the co-investigators had 
scores of 3 and 4. The concordance between the two co-investigators was 94.27% with 
Kappa value of 0.77 suggestive of substantial agreement with a standard error of 0.09. 
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                        DIRECT LARYNGOSCOPY 
NUMBER OF DIRECT LARYNGOSCOPY DONE  
13 out of 50 patients of the study population underwent direct laryngoscopy under general  
anaesthesia. 
 
Figure 25: Subset of patients who underwent direct laryngoscopy 
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IVb COMPARISON OF MURONO SCALE SCORES FLEXIBLE     
LARYNGOSCOPY VS DIRECT LARYNGOSCOPY 
1. NORMAL METHOD OF LARYNGOSCOPY BY CO-INVESTIGATOR 
1AND 2 vs DIRECT LARYNGOSCOPY 
 
Figure 26: Comparison between Murono scores of Normal methods by Co-
Investigators 1 and 2 with Direct Laryngoscopy (Co-Inv 1: Murono scores in 
Normal method of Co-investigator 1, Co-Inv 2- Murono scores in Normal method 
of Co-investigator 2 and DL: Murono scores in Direct laryngoscopy, the score 1-5 
used are same as in fig 18) 
A majority of patients who had score 1 in the normal method had scores of 4 and 5 
demonstrating significant difference between the level of visualization of tumour extent. 
The concordance between Normal method of Co-investigator 1 and direct laryngoscopy 
was 47.86% with Kappa value of 0.04 suggestive of poor agreement with a standard error 
of 0.032. While the concordance between Normal method of Co-investigator 2 and direct 
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laryngoscopy was 36.75% with Kappa value of 0.03 suggestive of poor agreement and 
standard error of 0.027. 
 
 
2.MODIFIED   KILLIAN’S METHOD OF LARYNGOSCOPY BY CO-
INVESTIGATOR 1 AND 2 vs DIRECT LARYNGOSCOPY 
 
Figure 27: Comparison between Murono scores of MK method by both Co-
Investigators 1 and 2 with Direct Laryngoscopy (1-5: Murono scores in all three 
methods same as in fig 18, Co-Inv 1- MK method by Co-investigator 1 and Co-Inv 
2 – MK method by Co-investigator2) 
 Most of the patients had Murono score of 4 and 5 in direct laryngoscopy method. 
The concordance between MK method of Co-investigator 1 and direct laryngoscopy 
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was 78.37% with Kappa value of 0.12 suggestive of slight agreement and standard 
error of 0.069. The concordance between MK method of Co-investigator 2 and 
direct laryngoscopy was 77.40% with Kappa value of 0.12 suggestive of slight 
agreement and standard error of 0.070. 
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 NUMBER OF SUBSITES VISUALISED 
 CONCORDANCE BETWEEN BOTH METHODS OF CO-INVESTIGATOR 1  
Table 6: Intra-Observer agreement between both methods of Co-investigator 1 
SUBSITES CONCORDANCE KAPPA VALUE STANDARD 
ERROR 
1.R LAT PFS 84% 0.84 0.10 
2.R MED PFS 80% 0.80 0.11 
3.R APEX PFS 46% 0.46 0.14 
4.L LAT PFS 84% 0.84 0.10 
5.L MED PFS 84% 0.84 0.10 
6.L APEX PFS 54% 0.54 0.14 
7.PPW UPPER 94% 0.94 0.06 
8.PPW LOWER 
 
38% 0.38 0.13 
9.PS 
ARYTENOIDS 
68% 0.68 0.13 
10.PS CRICOID 38% 0.38 0.13 
11. UES 92% 0.92 0.07 
We found low concordance between two methods in some subsites which were poorly 
visualised – Apex of pyriform sinus, posterior surface of cricoid and lower part of posterior 
pharyngeal wall. 
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CONCORDANCE BETWEEN BOTH METHODS OF CO-INVESTIGATOR 2 
Table 7: Intra-observer agreement between both methods by Co-investigator 2 
SUBSITES CONCORDANCE KAPPA VALUE STANDARD 
ERROR 
1.R LAT PFS 82% 0.64 0.10 
2.R MED PFS 68% 0.36 0.13 
3.R APEX PFS 42% -0.16 0.13 
4.L LAT PFS 84% 0.68 0.10 
5.L MED PFS 70% 0.40 0.12 
6.L APEX PFS 40.82% -0.18 0.13 
7.PPW UPPER 92% 0.84 0.07 
8.PPW LOWER 
 
34% -0.32 0.13 
9.PS 
ARYTENOIDS 
66% 0.32 0.13 
10.PS CRICOID 36% -0.24 0.13 
11. UES 92% 0.84 0.07 
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The subsites which were poorly visualised in both the methods had a concordance between 
34% to 42% which were mainly apex of the pyriform sinuses, lower part of posterior 
pharyngeal wall and posterior surface of cricoid. 
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    CONCORDANCE BETWEEN MODIFIED KILLIAN’S METHODS OF 
LARYNGOSCOPY BY BOTH CO- INVESTIGATORS 
Table 8: Inter-Observer agreement between MK method of both Co-investigators 
SUBSITES CONCORDANCE KAPPA VALUE STANDARD 
ERROR 
1.R LAT PFS 94% 0.88 0.06 
2.R MED PFS 86% 0.72 0.09 
3.R APEX PFS 88% 0.76 0.09 
4.L LAT PFS 98% 0.96 0.03 
5.L MED PFS 92% 0.84 0.07 
6.L APEX PFS 91.84% 0.83 0.07 
7.PPW UPPER 100% 1.00 0.00 
8.PPW LOWER 
 
96% 0.92 0.05 
9.PS 
ARYTENOIDS 
94% 0.88 0.06 
10.PS CRICOID 82% 0.64 0.10 
11. UES 94% 0.88 0.06 
Most of the subsites visualised by both co-investigators with higher concordance even in 
the difficult to visualise subsites- apex of pyriform sinus, lower posterior pharyngeal wall 
and post cricoid area. The concordance between Modified Killian’s methods of both the 
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Co-Investigators was more than 90% in most of the subsites visualised with kappa value 
of >0.8 suggestive of almost perfect agreement 
IMPROVEMENT IN THE NUMBER OF SUBSITES VISUALISED 
 NORMAL METHOD OF LARYNGOSCOPY Vs MODIFIED KILLIAN’S 
METHOD OF LARYNGOSCOPY BY CO-INVESTIGATOR 1 
 
Figure 28: Comparison of improvement in visualized sites between both methods of 
Co-Investigator 1(N1- Number of sites visualised in normal method by co-investigator1; 
MK1-number sites visualised in MK method by co-investigator 1, 1- 1 site, 2- 2 sites, 3- 
3sites visualised and 4- 4 sites visualised) 
 
We also graded flexible laryngoscopy based on the four sites of the extent of the lesion 
seen – medial, lateral, superior and inferior, each site was given a score of 1 and total 
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number of sites visualised was compared between both methods. Hence it was found that 
a greater number of sites (almost all 4 sites) were visualised in MK method as compared 
to normal method of Co-investigator 1. Site 1- Only one site visualised, Site2- 2 sites of 
the lesion visualised, Site3- 3 sites of the lesion visualised and Site4- all 4 sites of the lesion 
visualised.
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 NORMAL METHOD OF LARYNGOSCOPY vs MODIFIED KILLIAN’S 
METHOD OF LARYNGOSCOPY BY CO-INVESTIGATOR 2 
 
Figure 29: Comparison of improvement in the sites visualized between both methods 
of Co-Investigator 2 (N2- sites visualised by co-investigator 2 in Normal method and MK 
2 – sites visualised by co-investigator 2 in MK method, 1-4: Number of sites visualised as 
in fig 28) 
The graph demonstrates a significant increase in the number of sites visualised in Modified 
Killian’s method as compared to normal method of laryngoscopy by Co-investigator 2. 
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                                             DISCUSSION 
 
The burden of head and neck cancer in India is an emerging public health problem, which 
is associated with the lifestyle of an individual and has a lengthy latent period with a need  
for early diagnosis and management for better outcomes.(65) It was found that among 
patients with head and neck cancers, hypopharyngeal cancers have a lower survival than 
other sites. The reasons for the poor prognosis are many which include the fact that the 
hypopharynx is a silent area and the patients are often initially seen in advanced tumor 
stages due to latency of the disease.(65)  These patients are often in a poor general 
condition, submucosal spread is a characteristic feature, and the tumors have a high 
propensity to metastasize to the lymph nodes of the neck and to establish distant metastasis. 
These tumors most often  directly invade  the adjacent structures of the neck.(65) 
Many techniques have been evolved over the past few decades in the diagnostic evaluation 
of head and neck cancers especially laryngeal and hypopharyngeal cancers. In recent years 
there have been significant technological developments in the endoscopic tools for 
examination of the upper aerodigestive tract. In view of the need for early diagnosis, 
precise visualization of the superficial mucosal extension of a neoplasm is a strategic and 
fundamental requirement, along with the evaluation of larynx motility,  to assess the 
indirect signs of deep extension of the lesion.(66) 
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In this study, keeping in mind the aims and objectives, the grading of laryngeal and 
hypopharyngeal malignancies was made through diagnostic flexible laryngoscopy 
using two methods – routine and Modified Killian’s method. The extent of the lesion 
was compared between the two methods. The Modified Killian’s method has been 
studied by Murono et al and Sakai et al as an adjunct to the endoscopic evaluation 
of hypopharyngeal and laryngeal cancers. (61,63) The new method called as 
Modified Killian’s method was used to better visualize the hidden areas of 
hypopharynx i.e. the post cricoid region, apex of pyriform sinuses, etc which are 
areas not routinely well visualized during a regular flexible laryngoscopy. This 
method thus helps in better visualization of the extent of the lesion.  
DEMOGRAPHIC AND CLINICAL PROFILE 
Our study had a total of 50 patients, a majority of them were in the age group between 50-
65 years of age with a mean age of 61.26 years with a standard deviation of 9.43 years. 
According to the literature, hypopharyngeal cancer is more common among individuals 
above 50 years of age, with a peak incidence in the sixth and seventh decades of life (3). 
Out of the 50 patients recruited, 88% were males and 12% were females. Results in  the 
literature  also says that the majority of patients with hypopharyngeal Squamous Cell 
carcinoma are male (76–80%) and older than 50 years (93–95%) (mean age at diagnosis,65 
years)  with a risk factor of smoking and drinking.(67) The pyriform sinus and posterior 
pharyngeal wall lesions were the more common sites in males, whereas postcricoid cancers 
are described in literature as being predominant in females  (67) In our study , the one 
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patient with a post cricoid malignancy was a male patient. In addition, we found that most 
of the patients in the study had hypopharyngeal lesions 56%(n=28) with 27 patients 
involving pyriform sinus and 1 patient involving post cricoid as the primary site of 
malignancy. These findings are similar to those mentioned in  literature that  say that the 
most common subsite of primary in the hypopharynx is the pyriform sinus followed by the 
posterior pharyngeal wall and the postcricoid area. (67) 
In this study, Modified Killian Method was used while doing flexible laryngoscopy along 
with normal routine laryngoscopy and Murono Scores was used for grading the visualised 
part of the hypopharynx. The study done by Murono et al used a 5-score grading system in 
which score of 1 was given when only pyriform sinus was observed, score of 2 
was given when a part of post cricoid area   was observed, but post cricoid area still 
contacted with posterior pharyngeal wall.(63) Score 3 was given when the whole post 
cricoid could be observed. Score 4 was given when the space between post cricoid and 
posterior pharyngeal wall opened widely, but UES could not be clearly confirmed. Score 
5 was given when UES was clearly observed.(63) Our study showed a drastic increase in 
the Murono Scores using the Modified Killian’s method for the laryngoscopic evaluation 
of hypopharyngeal cancers. 
COMPARISON OF MURONO SCORES WITH PREVIOUS STUDIES 
In the study by Murono et al, the mean scores of normal method of flexible laryngoscopy 
was 1.11 (SD-0.36) and MK method was 3.39(SD-0.94) with significant difference in mean 
score and P value of <0.01.(63) 
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During the data analysis, we found the mean scores of the Murono scale grading of the 
normal method of laryngoscopy, Modified Killian’s method of laryngoscopy and Direct 
laryngoscopy were 1.42(SD-0.64), 2.94(SD-0.95) and 4.30(SD-1.49) respectively. The 
mean scores of each method was calculated using paired t-test and p value less than 0.05 
was taken as significant. Among these three methods significant difference in the mean 
scores were observed (P value of < 0.05). 
We also found the grading of the Co-investigator 1 and 2 had higher scores (score of 3 and 
4) in the Modified Killian’s method of laryngoscopy as compared to normal method of 
laryngoscopy. There was significant improvement in the grading of scores using Murono’s 
scale where all 50 patients showed higher scores in Modified Killian’s method 
laryngoscopy grading. 
INTER-RATER AGREEMENT 
The inter-rater agreement of the Modified Killian’s method of both Co-investigators 
showed the concordance of 94.27% with Kappa value of 0.77 suggestive of substantial 
with a standard error of 0.09.  
IMPROVEMENT IN SUBSITES VISUALISED 
The subsites of the hypopharynx which were totally 11 in number were analysed by both 
the co-investigators and graded as visualised or not visualised. Each site of the tumour with 
its superior, medial, lateral and inferior extent was also graded. Of the 11 subsites, there 
were a few poorly visualised subsites- apex of pyriform sinus, posterior surface of cricoid 
and lower part of posterior pharyngeal wall which also had low concordance between both 
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the method as well as both the co-investigators. However, the inferior extent of the tumour 
was better appreciated with Modified Killian’s method as compared to the normal flexible 
laryngoscopy. Since, most hypopharyngeal tumours spread submucosally in the inferior 
direction followed by lateral and superior direction, therefore, it is necessary to visualize 
the inferior extent of the tumour in order to plan adequate early treatment.(68)  
The inter - rater agreement between normal method of laryngoscopy by both the co-
investigators in all the subsites was mostly above 74% with a kappa value above 0.48 
suggestive of moderate agreement. Also, the inter - rater agreement between Modified 
Killian’s methods of both the Co-Investigators had a concordance of more than 90% in 
most of the subsites visualised with kappa value of >0.8 suggestive of almost perfect 
agreement. 
SUBSET ANALYSIS 
In the previous studies done the above two methods were never compared with the direct 
laryngoscopy which is the gold standard in the visualization of hypopharynx. Only 13 
patients out of 50 underwent direct laryngoscopy under general anesthesia, rest of the 
patient either had direct laryngoscopy under local anaesthesia or flexible laryngoscopy 
guided biopsy. 
In the subset analysis of 13 patients who underwent direct laryngoscopy under general 
anaesthesia also underwent flexible laryngoscopy using normal method and Modified 
Killian’s method.  
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The difference between the mean scores of Murono scale score of normal method of 
laryngoscopy and direct laryngoscopy among the subset sample was 2.61 with a significant 
P value of 0.0002 (p value significant if <0.05) whereas difference between mean scores 
of Modified Killian’s method and direct laryngoscopy was 1.38 with a significant P value 
of 0.0064 (p value significant if <0.05) which shows that the visualisation of tumour in the 
Modified Killian’s method was quite close to direct laryngoscopy which is the gold 
standard. In the subset analysis we found that the concordance between the Modified 
Killian’s method and direct laryngoscopy was 78.37% and 77.40% for co-investigator 1 
and 2 respectively with a kappa value of 0.12 suggestive of slight agreement whereas the 
concordance between normal method of laryngoscopy and direct laryngoscopy was 
47.86% and 36.75% for co-investigator 1 and 2 respectively with Kappa value of 0.02 
suggestive of poor agreement. Most of the patients were compliant with the Modified 
Killian’s method of flexible laryngoscopy. Patients who were non-compliant were 
excluded from the study. 
Currently with the above results, we emphasize that the use of Modified Killian’s method 
of flexible laryngoscopy could be a helpful diagnostic tool in the early diagnosis and 
staging of hypopharyngeal and laryngeal cancers. It is simple and easy maneuver which 
can be done along with routine flexible laryngoscopy in the outpatient department. Along 
with imaging, this method can aid in the early diagnosis and management of 
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                                       CONCLUSION 
The Modified Killian’s method of Flexible laryngoscopy is a useful diagnostic tool in the 
evaluation of hypopharyngeal cancers as it opens up the entire circumference of the 
hypopharynx. This maneuver can help the surgeon to visualize better the hidden areas of 
the hypopharynx particularly post cricoid area, apex of the pyriform sinus and sometimes 
even appreciate the upper oesophageal sphincter. 
Since the tendency of most hypopharyngeal cancers is to spread in the inferior direction, 
the inferior extent of the tumour is better visualised with this additional maneuver during 
the flexible laryngoscopy. 
In our study using Modified Killian’s method with Murono scoring system for staging of 
hypopharyngeal cancers there was a significant improvement in visualisation of extent of 
the primary hypopharyngeal lesion between flexible laryngoscopy done by the routine 
method versus that done by Modified Killian’s method. Modified Killian’s method also 
had significant concordance when compared to staging by direct 
laryngoscopy/hypopharyngoscopy of these lesions which is the current gold standard. 
Modified Killian’s method can be easily performed in the outpatient department and does 
not add additional cost as flexile laryngoscopy is routinely done during the outpatient 
endoscopic assessment for all patients with laryngeal/hypopharyngeal cancers. Most of the 
patients were found to be compliant with the above method, there were no procedure 
related complications during the maneuver, thereby Modified Killian’s method was a safe 
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and acceptable method. Therefore, we recommend that Modified Killian’s method should 
be made part of the laryngoscopic examination of the head and neck cancers particularly 
during the outpatient evaluation of patients with a suspected primary lesion in the larynx 
and hypopharynx. 
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                                      ANNEXURE 
 
                       PATIENT INFORMATION SHEET 
 
ROLE OF FLEXIBLE LARYNGOSCOPY USING MODIFIED KILLIAN’S 
METHOD IN THE EVALUATION OF   HYPOPHARYNGEAL   AND 
LARYNGEAL CANCERS 
 
Purpose of research: Cancers involving the lower part of the throat (hypopharynx) are difficult 
to detect. They usually are diagnosed in advanced stages with poor outcomes. A common 
reason is that this area is like a collapsed tube and is not fully seen on evaluation in outpatient 
department. A flexible endoscopy aids in seeing this area in outpatient department.  
Expected duration of the Subject’s participation: After the initial visit you will not be 
required to come for follow up. 
Description of the procedure: The nose and throat are sprayed with an anaesthetic medication 
5minutes prior to the procedure. A 3.7mm fibreoptic endoscope is used for the procedure. A 
fibreoptic endoscope is a specially designed soft tube- like device which aids in visualizing the 
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throat. This device is connected to a camera and a recording device. The images can be 
reviewed and graded. 
 First, the endoscopy is done in normal routine method in sitting position. Then, the subject is 
asked to say ‘eee’ and bending down in bowing position which is the modified Killian’s 
position. These methods may prolong your routine endoscopy by an additional minute 
approximately. Both the endoscopy and these additional methods are painless, but may cause 
occasional discomfort.   
Risks or discomforts to the Subject: There is no extra risk beyond that of the risks involved 
with the routine endoscopy which is already discussed with you by your concerned ENT 
specialist. These risks may be minor nose bleed, cough, and pricking sensation in the throat. 
Allergy to the local anesthetic medication may be a rare complication. During the procedure 
injury is not anticipated. However, in case of any injury, it will be treated free of cost. 
Benefits to the Subject:The special methods are aimed at improved visualization of the 
lower part of throat. The likelihood of detection of early lesions may be higher. However, the 
treatment of such lesions detected during the procedure is not in the purview of this study. 
You may need to see your ENT specialist for planning further management in such situation. 
Benefits to others: This will help us to understand the problem better and will help us to find 
out the most effective method of detection of the causes for this condition. We hope that the 
knowledge obtained will help us to improve the quality of care given to individuals with this 
type of illness at our center. 
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Confidentiality: Your identity will be strictly kept confidential.  The findings obtained may 
be published in a scientific journal without divulging the identity of the participants. No one 
other than the treating doctors and the investigators of this study shall have access to your 
medical records. 
Participation: Your participation in the study is voluntary and you are free to withdraw at 
any time, without giving any reason. Refusal to participate in the research study will not 
involve any penalty or loss of benefits to which you are otherwise entitled. 
Cost to the Subject: There is absolutely no additional cost to you as a result of participation 
in this study. 
Contact Person: Dr. Priyanka Schilling Amar, Department of ENT, CMC Vellore. Ph: 
8531909688. 
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INFORMED CONSENT FORM 
 
Study Title: ROLE OF FLEXIBLE LARYNGOSCOPY USING MODIFIED 
KILLIAN’S METHOD IN THE EVALUATION OF   HYPOPHARYNGEAL   AND 
LARYNGEAL CANCERS 
 
 
Study Number: ____________ Hospital Number: __________________________ 
Subject’s Name: _________________________________________ 
 
Age/ Gender: ___________________________ 
 
   
(i)  I confirm that I have read and understood the information sheet dated 
____________ for the above study and have had the opportunity to ask questions.   
[  ] 
 
(ii)  I understand that my participation in the study is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my medical care or legal 
rights being affected.  [  ] 
 
(iii)  I understand that the Ethics Committee and the regulatory authorities will not need 
my permission to look at my health records both in respect of the current study and 
any further research that may be conducted in relation to it, even if I withdraw from 
the trial. I agree to this access. However, I understand that my identity will not be 
revealed in any information released to third parties or published. [  ] 
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(iv)  I agree not to restrict the use of any data or results that arise from this study provided 
such a use is only for scientific purpose(s). [  ] 
 
(v)  I agree to take part in the above study. [  ] 
 
 
Signature/ Thumb impression of the Subject/Legal representative: ____________  
Date: _____/_____/______ 
 
Signatory’s Name: _________________________________ 
 
Signature of the Investigator: ________________________ Date: _____/_____/______ 
 
Study Investigator’s Name: _________________________ 
 
Signature/ Thumb impression of the Witness: ___________________________  
Date: _____/_____/_______ 
 
Name of the Witness: _____________________________ 
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                                             PROFORMA 
 
ROLE OF FLEXIBLE LARYNGOSCOPY USING MODIFIED KILLIAN’S 
METHOD IN EVALUATION OF HYPOPHARYNGEAL AND LARYNGEAL 
CANCERS 
 
         
 
  
 
DIRECT LARYNGOSCOPY:  YES/NO 
MURONO’S SCALE 
                                             GRADE OF VISUALISATION OF 
HYPOPHARYNX 
  SCORE                                  DESCRIPTION 
    1 Only pyriform sinuses are observed 
    2 Part of postcricoid area is observed 
    3 Whole postcricoid area is observed 
    4 Greater than whole postcricoid area is observed 
    5 Upper esophageal sphincter is observed 
 
MURONO SCALE GRADING: 
METHOD Co-Investigator 1 
(GRADE) 
Co-Investigator 2 
(GRADE) 
NORMAL + 
PHONATION 
  
MODIFIED 
KILLIAN METHOD 
  
 
NAME: 
HOSPITAL NO: 
AGE/GENDER: 
DIAGNOSIS: 
DATE: 
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DIRECT LARYNGOSCOPY IF DONE (MURONO SCORE) :  
 
SUBSITES VISUALISED: 
SUBSITES NORMAL+PHONATION MK METHOD  
 Co-Inv 1             Co-Inv 2 Co-Inv 1        Co- Inv 2  
    
Rt Lateral wall of 
PFS 
   
Rt Medial wall of 
PFS 
   
Rt Apex of PFS    
Lt Lateral wall of 
PFS 
   
Lt Medial wall of 
PFS 
   
Lt Apex of PFS    
PPW - Upper part     
PPW - Lower part    
Post surf of 
arytenoids 
   
Post surf of cricoid    
UES    
 
 
EXTENT OF TUMOR VISUALISED: 
 NORMAL 
+PHONATION 
METHOD 
MK METHOD 
 Co-Inv 1   Co-Inv 2 Co-Inv 1    Co-Inv2 
SUPERIOR   
INFERIOR   
MEDIAL   
LATERAL   
 Each grading a score of 1 will be given.  
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Score of 1 – Only one site is visualised, Score of 2 –Two sites are visualized 
Score of 3 –Three sites are visualised, Score of 4 – All four sites are visualised 
Co-Inv - Co-investigator 
PFS-Pyriform sinus, PPW-Posterior pharyngeal wall, UES- Upper esophageal sphincter 
MK Method- Modified Killian’s Method (Lt- Left, Rt- Right) 
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0 
1 
0 
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0 
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0 
0 
0 
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0 
2 RAMDEO 
3 Md NAZRUL 
4 RANJAN 
5 Md ABDUL 
6 KASI 
7 Md REZADU 
8 GOUTAM D 
9 DIPALI DEY 
10 Md SAFIK 
11 SADHAN KU 
12 SUBHADRA 
13 SUBBAIN 
14 WORNING R 
15 KAMAL KAN 
16 SHEBU RAN 
17 NAGARATH 
18 ARINDAM S 
19 RAVICHAND 
20 BIJOY KEDIA 
21 HEMENDRA 
22 VEDAGIRI 23 ASHOK KUM 
24 MD MOSHIU 
25 MANOMOH 
26 MIR JAMAL 
27 BIBASH SIN 
28 SAEDUL HA 
29 NASEEM JA 
30 FAZLUL HAQ 
31 KAMMALAM 
32 SUJIT SARKA 
33 SUBRAMAN 
34 THOMAS K. 
35 SHYAM BIH 
36 ABDUL REH 
37 MD MOKSE 
38 KALIYAPPAN 
39 H U M KHAS 
40 KANCHAN B 
41 TAPAS LODH 
42 KRISHNAMO 
43 SAGARIKA 
44 NETAI BARM 
45 VARATHRAJ 
CO-INV 2 
                   N-R MED PFS             N-R APEX P        N-L LAT PFS      N-L MED PFS       N-L APEX PFS      N-PPW UPPER    N-PPW LOWER 
      SERIAL NO.       NAME 
1 MD RAFIQ 
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46 WILLIAM M 
47 MD ABDUL 
48 KARUPASAM 
49 GANESH DA 
50 MADHAB 
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CO-INV 2  
           N-PS ARYTENOID-          PS CRICOID     N- UES MK-R LAT PFS    MK-R MED      MK- R APEX       MK-L LAT PFS        MK-L MED PFS          MK-L APEX 
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CO-INV 2  
         MK- PPW UPPER     MK- PPW LOMER            MK- PS ARYTENOID   MK-PS CRICOID MK- UES 
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3 Md NAZRUL 
4 RANJAN 
5 Md ABDUL 
6 KASI 
7 Md REZADU 
8 GOUTAM D 
9 DIPALI DEY 
10 Md SAFIK 
11 SADHAN KU 
12 SUBHADRA 
13 SUBBAIN 
14 WORNING R 
15 KAMAL KAN 
16 SHEBU RAN 
17 NAGARATH 
18 ARINDAM S 
19 RAVICHAND 
20 BIJOY KEDIA 
21 HEMENDRA 
22 VEDAGIRI 23 ASHOK KUM 
24 MD MOSHIU 
25 MANOMOH 
26 MIR JAMAL 
27 BIBASH SIN 
28 SAEDUL HA 
29 NASEEM JA 
30 FAZLUL HAQ 
31 KAMMALAM 
32 SUJIT SARKA 
33 SUBRAMAN 
34 THOMAS K. 
35 SHYAM BIH 
36 ABDUL REH 
37 MD MOKSE 
38 KALIYAPPAN 
39 H U M KHAS 
40 KANCHAN B 
41 TAPAS LODH 
42 KRISHNAMO 
43 SAGARIKA 
44 NETAI BARM 
45 VARATHRAJ 
EXTENT CO-INV 1 
              N-SUPERIOR        N- INFERIOR          N- MEDIAL            N- LATERAL      MK-SUPERIOR     MK-INFERIOR    MK- MEDIAL 
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46 WILLIAM M 
47 MD ABDUL 
48 KARUPASAM 
49 GANESH DA 
50 MADHAB 
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EXTENT CO--INV 2  
              MK-LATERAL         N-SUPERIOR       N-INFERIOR         N- MEDIAL          N- LATERAL         MK-SUPERIOR     MK-INFERIOR        MK- MEDIAL     MK-LATERAL 
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